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A different method is that established long ago and still followed by 
The Times. This is to maintain a permanent staff correspondent in every lat 
important centre, with a chain of local correspondents to keep him in | | 
close touch with every part of his area. | 


Ne 
| 
| 
| peed 
THERE are 299 countries listed in an up-to-date Atlas. How is a daily 
newspaper to deal with the events in all of them ? The methods adopted 
by different newspapers vary. One method is to ignore the outside world | 
until circumstances force some particular place ** into the news.” Then, | 5 
perhaps, a famous correspondent may be sent post-haste to investigate, | i 
to gather and report his impressions on the spot. | to 
° 
| cri 





| This system is expensive and not at all spectacular. But it has | for 
| incalculable advantages for the reader of The Times. He is kept for 
| constantly informed of all that is going on—of what is being done and sec 
| said and thought—1in all parts of the world. He never loses touch. di 
| The invisible links connecting all these distant correspondents with the 
| The Times are like a vast nervous system with its centre in Printing House oh 





| Square. Along this system flows a stream of messages inward and out- 
ward. Some are for publication, others confidential—replies to inquiries, | 
appreciations of personalities or policies, forecasts of events to come. | co 
Thus The Times is in daily touch with trusted and experienced observers 















in every part of the world. | It 
| It is this incomparable system of information that gives such weight | W 
| and influence to the Foreign Department of The Times. It explains why | | im 
| its leading articles are read with attention all over the world. | - 
| sty | iS 
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SCIENCE & CONSCIENCE 
A Letter from Mr Richard Aldington 


Sir,—Lord Rayleigh’s Presidential Address, parts of which you reproduce, seems 
to have given universal satisfaction and to be taken as a complete refutation of 
criticism directed against the attitude of scientific men towards the results of their 
labours. 

But is it so satisfactory as all that? 

If scientific men accept Lord Rayleigh’s plea that they are in no way responsible 
for misuse of the knowledge they have secured, they must also disclaim any merit 
for the benefits it has conferred. They cannot have it both ways. If they are pure 
seekers after knowledge, utterly unable to control in any way either what they 
discover or what is done with their discoveries, then they have no right to boast 
themselves the benefactors of humanity. Or are we to thank them humbly for 
chloroform and blame mustard gas on the Army Council? 

Perhaps scientific men, who are not wholly averse from self-laudation, will 
consider this point. 

But the scientific world is not limited to the vanguard of distinguished researchers. 
It includes all teachers of science and all technicians who receive that teaching. 
Without their collaboration the application of science to industry and to war is 
impossible. Have they ever been known to refuse it, whatever the consequences 
to common humanity? Has it ever been suggested by their great leaders that there 
is a moral obligation upon them, such as is rightly laid upon doctors by the oath 
they are compelled to take, to use their knowledge for the benefit and not the 
destruction of humanity? Further, is there any known case of a scientific technician 
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422 A LETTER FROM MR RICHARD ALDINGTON 


who has refused to put his skill and knowledge at the disposal of governments and 
the military, even when he was fully aware that his gifts were to be misused for the 
destruction of his fellow men? Unscientific men have submitted to torture and 
death rather than commit these crimes. But Science and Lord Rayleigh are 
comfortably neutral. 

[ would suggest that every man or woman taking a scientific degree might, as a 
start, be required to take the oath of Hippocrates or some more suitable variation. 

The present state of affairs is as if the Catholic Church should say: ** The Apostles 
and the Doctors have preached and thereby conferred immense benefits, but we 
disclaim all responsibility for the conduct and doctrine of the inferior clergy, and 
what the laity do about the Faith is no responsibility of ours either. But, rather 
unhopefully, we will set up a Committee to see if anything can be done.” 

Without the co-operation of the technicians—the inferior clergy of Science—the 
conduct of scientific warfare is impossible. It is the duty of the leaders of the 
scientific world so to organize themselves and their pupils that such co-operation 
is withdrawn. 

| can imagine a common man of the people musing over Lord Rayleigh’s speech 
in terms such as these: 

“A few weeks only have passed since we were all threatened by a war of un- 
precedented destructiveness. That destruction, if it had occurred, would have been 
almost wholly due to the application of science to warfare. Thousands of scientific 
technicians would have given their labours and knowledge to destroy civilization. 
And Pontius Pilate, F.R.S., washed his hands.” 

Yours faithfully, 


RICHARD ALDINGTON 


NOTE BY THE EDITOR 


NYONE who knows Mr Aldington’s novels or poems will treat his 

challenge with respect; for he is a great defender of that humanism which 

is one of the highest achievements of our civilization, and which is now 

in danger of being driven from the world. And, in fact, many scientists will read 

his letter with sympathy and a feeling that they are in close agreement. We tried, 

in the October number of Discovery, to express a representative scientist’s view 

of “Science and a Modern World”; and between that view and Mr Aldington’s 
there is no difference of ends, only of means. 

Two points stand out clearly in his letter. 

1. Scientists must not claim merit for the benefits of science if they disclaim 

responsibility for its misuse. That is unanswerable. It has perhaps not been said 

so cogently before. But “Science is non-moral”’ we wrote in the October number; 
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and the credit or blame for its applications lies equally with society. Science makes 
possible both the destruction of Guernica and the new cures for pneumonia. 
Any scientist who congratulates himself in the second and is complacent about the 
first deserves everything Mr Aldington says. 

The only judgment we can make is a purely workaday one. It is probable that, 
when we consider both the good and evil applications of science, mankind has 
gained materially on the balance. 

The average length of life, for instance, has increased, even allowing for deaths 
in scientific warfare; more years of life have been added to the race by modern 
medicine than have been taken away by modern armaments. Similarly, most 
people on earth are still living lives of great poverty and continual toil; yet science 
has enriched them a little, though nothing like as much as lies within its power. 
Science has brought about the monotonous days of the factory worker; yet the 
factory worker has a richer, more variegated and leisurely life than the peasant 
of a pre-scientific age. 

That is as much as a scientist can reasonably say. Far from justifying any 
complacency, it ought to leave one no rest until society is using science as it could 
be used. 

2. Mr Aldington’s second point, the responsibility of the individual person 
with a scientific training, is not so straightforward. His idea of an equivalent to 
the Hippocratic oath has been floating in the air of some sections of the scientific 
profession. This summer Nature published an “Oath for Modern Man” which 
meets many of Mr Aldington’s requirements. But, as we said in the October 
article, it is in the highest degree unlikely that such an oath will be taken, or adhered 
to, on a scale large enough to restrict the destructive applications of Science. 

To that statement Mr Aldington asks “why?” with the generous indignation 
of someone who is seeing splendid hopes perish. Why cannot scientists prevent 
the perversion of their work? The reasons are rather complicated. It is not that 
scientists are more selfish than the general run of people; they are no more than 
human, but they are also no less. In their own field, many scientists and scientific 
technicians, from the most eminent creative workers down to unpretentious 
laboratory attendants, have risked and sometimes found martyrdom: in research 
on radio-active substances, or tropical diseases, or new unstable chemical com- 
pounds, there have been a good many lives lost and bodies wrecked, and those 
risks were undertaken in full knowledge of what might come; not to speak of men 
like Giordano Bruno, who died rather than deny the truth. 

There are still present in the world to-day many scientists who take necessary 
and mortal risks as part of their everyday work. There are also a few, not enough, 
but still a few, who would die rather than deny what they know to be scientific 
truth. 

Yet, as Mr Aldington says, “is there any known case of a scientific technician 


who has refused to put his skill and knowledge at the disposal of governments. . ., 
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even when he was fully aware that his gifts were to be misused for the destruction of 
his fellow men?” There are a few, in fact, but all inspired by a completely pacifist 
faith. It is a faith of that sort, quite irrespective of their being scientists, which 
moves them; and if we think out the problem, we realize that only complete 
pacifism would hold a scientist to the course of action Mr Aldington calls for. 

It might be different if there existed a world scientific organization, which all 
scientific workers of any kind whatever were compelled to join. If this existed, it 
might enforce its own ethics on its makers, and it might induce them to recognize 
their first loyalty to its code rather than to that of any other section, such as nation 
or class. But the existence of such an organization lies very far in the future; it 
will not come about until the world is nearly ready to become one state. 

But, even if it existed precariously in our anarchic world, it would still not really 
meet Mr Aldington’s purpose; for it would be far too easy to blackleg, both from 
within and without. The technicalities of scientific warfare do not require the 
greatest scientists for their invention, nor does it require a long training to be able 
to apply them. Many people have a smattering of technical science nowadays, 
from their motor-cars and wireless sets. It is not such a holy mystery as some 
scientists like to pretend. If by some utopian miracle the world organization of 
science happened overnight and every technician held to his promise to keep aloof 
from military work, within a couple of years the world would raise enough sub- 
stitutes to be ready for scientific warfare in its uncrippled rigour. 

The world profession of science is a dream in our day, and must remain so while 
the world is passing through its present confused economic state. And thus, if 
Mr Aldington’s non-co-operation is to happen at all, it will have to happen in 
one country and not in others: which means that it can only come from pure 
pacifists and from no one else. 

Let us consider a war against Germany. We know that there are at least enough 
scientists and technicians in Germany to let their state conduct a modern war; 
we are certain that they cannot be persuaded not to co-operate, and in fact that 
they are co-operating already with considerable energy. English scientists are 
then faced with the problem: are we to fight against those scientific weapons with 
similar things that we help to make ourselves?—or are we to stand aloof, to dis- 
associate ourselves from society, to face our own discomfort and worse, the helpless- 
ness of our particular form of civilization, rather than allow our knowledge and 
skill to be turned to the killing of other human beings? 

It is only possible to make the latter choice if one thinks war is the greatest evil. 
For anyone who feels there are even worse things, there is no option but to take 
part, preferring a hateful function because otherwise a more intolerable evil will 
come about. Mr Aldington fought in the line from 1915 to 1918. Scientists will 
not be asked to fight; they will be preparing means of destruction, at little risk 
to themselves. But they can compare themselves with him in this respect; they will 
find it impossible to extricate themselves from the war. 
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The Super Microscope 


By GABRIELE RABEL 


(Dr Rabel’s notes are already familiar to readers of Discovery. This article makes us 
acquainted with the latest development of the microscope—by means of which we can 
now see the detailed structure of some of the disease-producing bacteria.) 


realm of colloidal dimensions to the 
human eye. Structures which could 
hitherto only be distinguished by their 
different behaviour towards stains are now 
directly visible without application of any 
staining process. Particles with hardly 
double the diameter of albumen molecules, 
disease-producing agents which _ before 


— super microscope has opened the 
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PHOT OMICROSCOPE 


could only be separated by _ physico- 
chemical serum or toxin reactions, can 
now actually be seen and their forms 
distinguished. 

Magnifications up to the order of 20,000 
are attainable. 

Such are the feats which B. von Borries, 
f. Ruska and H. Ruska _ triumphantly 
proclaim as the result of their investigations 
(Klinische Wochenschrift, July 1938). 





The super microscope is based on the 
following principle: 

If a current-carrying electric conductor 
is movable, it is, as every schoolboy knows, 
displaced by a magnetic field. In the 
same way, free electrons or beams of 
electrons coming from a cathode are 
deflected by a magnetic field. This property 
has been exploited for optical purposes, and 
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SUPERMICROSCOPE 


a new branch of optics or electricity termed 
‘‘electron-optics”’ has developed from it. 
A magnetic field produced by a coil acts on 
electronic rays as accurately as an optical 
lens acts on the rays of light, and ** magnetic 
lenses’ are combined in the electron micro- 
scope as the optical lenses are in the 
photomicroscope. The super microscope 
is the newest development of this type of 
instrument. 
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426 THE SUPER MICROSCOPE 
THE CONQUEST OF THE INVISIBLE WORLD. 
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The path of the electrons through the 
lens is rather complicated. In every single 
point of the curve the component of the 
magnetic field, which is perpendicular to 
the momentary direction of the electron, 
acts alone and produces a force perpen- 
dicular to both the magnetic field and the 
direction of the electron. Thus a curve 
originates which from point to point changes 
its direction in space and winds spirally 
around the axis of the coil. 

The magnetic lenses have no definite 


focal distance. Altering the coil current 
alters the force of the magnetic field and, 
consequently, the focal distance of the lens. 
As the focal length varies, the electron- 
optical image not only becomes more or 
less sharp, but, in accordance with the 
spiral ray deflection, turns on itself, Le. 
around the optical axis. 

In its main features, the electron micro- 
scope can be compared with the photo- 
microscope, with one exception: in the 
photomicroscope the source of light is, as 
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1. Notches in the edge of a razor blade 
magnified 20 times 








2. The rectangular area in |, now magni- 


fied 200 times 





3. The rectangular area in 2, magnified 
2000 times by the photomicroscope 
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1/1000 mm 








4. The circular area in 2, magnified 24,000 
times by the super microscope 


a rule, at the bottom and the ocular lens 
at the top of the device; taking this 
arrangement as normal, we must call that 
of the super microscope topsy-turvy—for 
the cathode which carries the high tension 
is above the head of the observer. From 
the cathode the electron beam falls down- 
ward perpendicularly, ending on a lumi- 
nescent screen which makes the image 
directly visible to the eye, or on a photo- 
graphic plate. 

First the beam is collected by a “lens” 
which corresponds to the microscope 
condenser. Then it illuminates the object. 
The condenser can be shifted to all sides, 
thus enabling the beam to be exactly 
focused on to the object. Then follows the 
“objective” which projects a real image of 
the object in first stage magnification on an 
‘intermediate picture screen”’. This screen 
has a hole through which part of the image 
can continue its way downwards. It is then 
magnified to the second stage by a “pro- 
jector lens” and appears as the final 
image on the lower luminescent screen or 
photographic plate. Lateral openings in 
the tubes allow a view of the intermediate 
image which shows the whole preparation 
in minor magnification, and then of the 
final image which shows the details. 
During observation, the object can be 
shifted so that any desired part can be 
projected on the final screen, and it is also 
movable in the direction of the axis for 
focusing purposes. A photomicroscope is 
also fitted in such a way that the two 
microscopes can be exchanged without 
moving the object out of its well-focused 
position, so that the two pictures can be 
compared at any moment. 

Since electron beams can only exist in a 
vacuum, the whole apparatus must be 
kept evacuated. Both object and camera 
can be inserted and exchanged without 
disturbing the vacuum. 

The electron-optical pictures show dif- 
ferent degrees of blackening. That is due 
to the fact that the electrons, which fall 
upon the object almost parallel, are then 
scattered to different degrees in proportion 
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Soot is the fundamental substance for numerous technical and chemical processes and is used in 
the making of many synthetic materials. Not every kind of soot is serviceable. Its structure, which 
can now be recognized, determines its applicability. 








l. J 
{ 
J 
1. Natural size. Sooting of a silver wire by means of a candle. 

2. Magnified 20 times, the boundary of the blackening is clearly seen. 
| | Lef 
3. Magnified 200 times, the single soot flakes appear in the loops of the net. 100 
4. Magnified 2000 times by the photomicroscope, with the strongest objective lenses, fine rami- sub: 

fications of tthe flakes can be seen. 

5. In the 24,000 magnification by the super microscope it can be noticed that the branches are The 


composed of small hexagonal scales, and so the physical properties of soot can be described. 
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1/1000mm 








DIPHTHERIA BACILLI 





SS 
seven subsequent magnifications, final magnification @% 
consequently 7000. Owing to the subsequent magni- | 


fications the picture loses in sharpness. 2. 18,900 « magnified electron-optically. 


1. Magnified with the photomicroscope 1000 times, with Pd * 









INTESTINAL BACTERIA 


Left part of the picture: Right part of the picture: 
1000 « magnified with photomicroscope, then 4200 x magnified with electron microscope, then 
subsequently magnified to 10,000. subsequently magnified to 10,000. 


. “f° ° ° . : > . sco 4 ? 
The final magnification is the same in both cases. But the super microscope shows a much sharper 
picture and many more details of the bacterial structure and of the surroundings. 
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to the “mass thickness”, i.e. density x 
distance which the rays have to travel 
through the object. The greater the mass 
thickness, the greater the scattering. The 
rays scattered through a larger angle are 
not allowed to pass completely through 
the very small aperture of the objective. 
Parts of the object having a greater mass 
thickness, therefore, appear darker, as they 
obviously would if they could be inspected 
in ordinary light. In this manner the 
electron-optical picture reveals the dis- 
tribution of mass in the object. Thus 
it is possible, for example, to distinguish 





features within the bacterial body which 
otherwise could not be seen at all or only 
by staining. 

Various bacteria and viruses have been 
examined in this way by Borries and the 
two Ruskas, and the finest details of their 
structure were revealed to them. To give 
particulars concerning these results would 
perhaps be of interest only to specialists. 
But we may trust that the super microscope 
will, in the near future, considerably enrich 
our knowledge about cells and their nuclei, 
and about chromosomes and genes. 
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Observations being made by means of the new Siemens and Halske Super Microscope 
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Professor G. Gamow, one of the younger generation of Soviet scientists and now 
professor of theoretical physics at George Washington University, is known 
throughout the scientific world for his original work on the theory of atomic 
nuclei. He is also known for having included, among his profound scientific con- 
tributions, spec imens of an odd and characteristic humour ; it is not very often one 
meets jokes in the middle of a scientific paper. 


have been 
ies and the 
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apoemumate, ‘*Mr Tompkins in Wonderland” combines Professor Gamow’s deep knowledge 
econ of modern physics with his particular brand of humour. It is an attempt to explain, 
ae eo by a series of stories, the new ideas of space and time. | 

ni Professor Gamow himself writes (but this letter will be more easily understood 


after one has read his first story): 


The fact that in ordinary life the classical notions of space and time can be used 
as a very good approximation is due to specific numerical values of different world- 
constants in our Universe, such as velocity of light, constant of gravitation, 
quantum-constant, etc. If we imagine other worlds with the same physical laws, 
but different numerical values of constants, the relativistic and quantum phenomena 
would be easily accessible to observation. We may say that even the primitive 
savage in such worlds would be acquainted with relativity and quantum principles, 
using them for his hunting purposes and everyday needs. In the following stories 
a certain Mr Tompkins, who does not know any mathematics or physics, being a 
clerk in a city bank, is brought in his dreams into different worlds of such types 
where he can directly observe the phenomena about which modern science concludes 
only from very elaborate investigation. 

The Author hopes that the experiences of Mr Tompkins will help the reader to 
build a clear picture of the world in which we are living. 














Dream I: Toy Universe* 


R TOMPKINS, the little clerk of a big city bank, 
was very tired. The whole day’s work of adding the 
— infinite columns of bank accounts had brought his 
a ‘a mind to a state of blank dullness. He definitely needed 
AG ak some distraction. Picking up an evening newspaper he 
: opened the movie-theatre page. None of the films, 

, however, looked attractive to him. He detested all this 
) Hollywood stuff with infinite romances between the 

. popular stars. If there were at least one film with some 

. real adventures, with something unusual and maybe even 

. fantastic. But there was none. Unexpectedly, his eye fell 
— 7 - on a little notice in the corner of the page. The local 


* The universe described below corresponds to a velocity of light ten million times smaller, and a gravi- 
tational constant a million million times larger than in our universe. The radius of the universe in the 
state of largest expansion is about a hundred miles and the corresponding density of dust about | Ib. 
per cubic mile. The period of pulsation of the universe is in this case about 2 hours. The density of 
the rocks is the same as on the earth. 
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432 MR TOMPKINS IN WONDERLAND 


university was announcing a series of lectures on the problems of modern physics, 
and to-night’s lecture was to be about the problems of Space and Time and 
Cosmology. Well, this might be something! He vaguely remembered that in his 


youth he had read a book 
astronomer travelling in 
interstellar spaces, visit- 
even some distant stars. 
this lecture, it might be 

He arrived at the big 
after the lecture had al- 
was full of students, 
with great attention to 


about an adventurous 
a rocket-ship through 
ing different planets and 
Yes! he would go to 
just what he needed. 

university lecture room 
ready begun. The room 
mostly young, listening 
the tall, white-bearded 





board.When heentered, 
busy writing a horrible- 
formula on the black- 
this: Ryv— $2, R=«T,,,. 


man near the _ black- 
the professor was just 
looking mathematical 
board, something like 





** All this Hollywood stuff!” 


Mr Tompkins’s mathematical knowledge was limited to the four fundamental 
operations of arithmetic (of which he was using only the first two in his bank 
work), and the meaning of this funny-looking formula remained mysterious to 
him. He vaguely hoped that after covering all the blackboard with formulae, still 
more complicated than the first one, the professor would finally start to speak 
about some more understandable questions and would give a picture of the 
universe that he probably had in his mind. 

This, however, was not the case, and, apart from the often-repeated sentence. 
“the space in which we live is curved, closed in itself and in addition expanding”’, 
Mr Tompkins could not learn anything that made any sense to him. It was not 
that this often-repeated sentence was much clearer to him than the rest of the 
lecture, but it made a deep impression on his mind. On the way home he tried 
to imagine the curved space, but could not go any further than thinking about 
it as something that looked like the bent fender on his old Ford....No, he should 
not have gone to this lecture; the highlights of Science were not for him. In this 
state of mental depression he undressed and pulled the blanket over his head. 


Mr Tompkins awoke with the strange feeling of lying on something hard. He 
opened his eyes and found himself prostrated on what he first thought to be a big 
rock on the seashore. Later he discovered that it was actually a very big rock, 
about 30 feet in diameter, suspended in space without any visible support. The 
rock was covered with some green moss, and in a few places little bushes were 
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growing from cracks in the stone. The space around the rock was illuminated 
by some glimmering light and was very dusty. In fact, there was more dust in 
the air than he had ever seen, even in the films representing dust storms in the 
middle west. He tied his handkerchief round his nose and felt, after this, con- 
siderably relieved. But there were more dangerous things than the dust in the 
surrounding space. Very often stones of the size of his head and larger were 
swirling through the space near his rock, occasionally hitting it with a strange dull 
sound of impact. He noticed also one or two rocks of approximately the same size 
as his own, floating through space at some distance away. All this time, inspecting 
his surroundings, he was clinging hard to some protruding edges of his rock in 
constant fear of falling off, and being lost in the dusty depths below. Soon, 
however, he became bolder, and made an attempt to crawl to the edge of his rock 
and to see whether there was really nothing underneath, supporting it. As he was 
crawling in this way, he noticed, to his great surprise, that he did not fall off, but 
that his weight was constantly pressing him to the surface of the rock, although he 
covered already more than a quarter of its circumference. Looking from behind 
a ridge of loose stones on the spot just underneath the place where he originally 
found himself, he discovered nothing to support the rock in space. To his great 
surprise, however, the glimmering light revealed the tall figure of a man with a long 
white beard, standing apparently with his head down and making some notes in 
his pocket-book. He recognized the professor whose lecture he had attended in 
the evening. 

Now Mr Tompkins began slowly to understand. He remembered that he was 
taught in his schooldays that the earth is a big round rock moving freely in 
space around the sun. He also remembered the picture of two antipodes standing 
on the opposite sides of the earth. Yes, his rock was just a very small stellar body 
attracting everything to its surface, and he and the old professor were the only 
population of this little planet. This consoled him a little; there was at least no 
danger of falling off! 

‘Good morning,” said Mr Tompkins, to divert the old man’s attention from 
his calculations. 

The professor raised his eyes from his note-book. “* There are no mornings here,” 
he said, “‘there is no sun and not a single luminous star in this universe. It is 
lucky that the bodies here show some chemical process on their surface, otherwise 
[ should not be able to observe the expansion of this space’’, and he returned 
again to his note-book. | 

Mr Tompkins felt quite unhappy; to meet the only living person in the whole 
universe, and to find him so unsociable! Unexpectedly, one of the little meteorites 
came to his help; with a crashing sound the stone hit the book in the hands of the 
professor and threw it, travelling fast through space, away from their little planet. 
‘Now you will never see it again”, said Mr Tompkins as the book got smaller 
and smaller, flying through space. 
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“On the contrary”, replied the professor. “* You see, the space in which we now 
are is not infinite in its extension. Oh yes, yes, I know that you have been 
taught in the elementary school that space is infinite, and that two parallel lines 
never meet. This, however, is not true either for the space in which the rest of 
humanity lives, or for the space in which we are now. The first one is of course 
very large indeed; the scientists estimated its present dimensions to be about 
10,000,000,000,000,000,000,000 miles, which, for an ordinary mind, is fairly in- 
finite. If I had lost my book there, it would take an incredibly long time to come 





** There are no mornings here” 


back. Here, however, the situation is rather different. Just before the note-book 
was torn out of my hands, I had figured out that this space is only about five 
miles in diameter, though it is rapidly expanding. I expect the book back in not 
more than half an hour.” 

“But”, ventured Mr Tompkins, ““do you mean that your book is going to 
behave like the boomerang of an Australian native, and, by moving along a curved 
trajectory, fall down at your feet?” 

‘Nothing of the sort’’, answered the professor. “If you want to understand 
what really happens, think about an ancient Greek who did not know that the 
earth was a sphere. Suppose he has given somebody instructions to go always 
straight northwards. Imagine his astonishment when his runner finally returns to 
him from the south. Our ancient Greek did not have a notion about travelling 
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round the world, (round the earth, I mean in this case,) and he would be sure that 
his runner had lost his way and had taken a curved route which brought him back. 
In reality his man was going all the time along the straightest line one can draw 
on the surface of the earth, but he travelled round the world and thus came back 
from the opposite direction. The same thing is going to happen to my book, unless 
it is hit on its way by some other stone and thus deflected from the straight track. 
Here, take these binoculars, and see if you can still see it.” 

Mr Tompkins put the binoculars to his eyes, and, through the dust which some- 
what obscured the whole picture, he managed to see the professor’s note-book 
travelling through space far far away. He was somewhat surprised by the pink 
colouring of all the objects, including the book, at that distance. 

‘But’, he exclaimed after a while, “your book is returning, I see it growing 
larger.” 

“No”, said the professor, “it is still going away. The fact that you see it growing 
in size, as if it were coming back, is due to a peculiar focusing effect of the closed 
spherical space on the rays of light. Let us return to our ancient Greek. If the rays 
of light could be kept going all the time along the curved surface of the earth, let 
us say by refraction of the atmosphere, he would be able, using powerful bino- 
culars, to see his runner all the time during the journey. If you look on the globe, 
you will see that the straightest lines on its surface, the meridians, first diverge 
from one pole, but, after passing the equator, begin to converge towards the 
opposite pole. If the rays of light travelled along the meridians, you, being for 
example, located on one pole, would see the person going away from you growing 
smaller and smaller only until he crossed the equator. After this point you would 
see him growing larger and it would seem to you that he was returning, going, 
however, backwards. After he had reached the opposite pole, you would see him 
as large as if he were standing right by your side. You would not be able, however, 
to touch him, just as you cannot touch the image in a spherical mirror. On this 
basis of two-dimensional analogy, you can imagine what happens to the light rays 
in the strangely curved three-dimensional space. Here, I think the image of the 
book is quite close now.” In fact, dropping the binoculars, Mr Tompkins could 
see that the book was only a few yards away. It looked, however, very strange 
indeed! The contours were not sharp, but rather washed out, the formulae written 
by the professor on its pages could be hardly recognized, and the whole book 
looked like a photograph taken out of focus and underdeveloped. 

“You see now”’, said the professor, ‘that this is only the image of the book, 
badly distorted by light travelling across one half of the universe. If you want to 
be quite sure of it, just notice how the stones behind the book can be seen through 
Its pages.” 

Mr Tompkins tried to reach the book, but his hand passed through the image 
without any resistance. 

‘The book itself”, said the professor, “is now very close to the opposite pole of 
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the universe, and what you see here are just two images of it. The second image is 
just behind you and when both images coincide, the real book will be exactly at the 
opposite pole.”” Mr Tompkins didn’t hear; he was too deeply absorbed in his 
thoughts, trying to remember how the images of objects are formed in elementary 
optics by concave mirrors and lenses. When he finally gave it up, the two images 
were again receding in opposite directions. 

‘But what makes the space curved and produce all these funny effects?” he 
asked the professor. 

“The presence of ponderable matter’’, was the answer. **When Newton dis- 
covered the law of gravity, he thought that it was just an ordinary force, the same 
type of force as, for example, is produced by an elastic string stretched between two 
bodies. There always remains, however, a mysterious fact that all bodies, indepen- 
dent of their weight and size, get the same acceleration and move the same way 
under the action of gravity, if you eliminate the friction of air and that sort of 
thing, of course. It was Einstein who first made it clear that the primary action of 
ponderable matter is to produce the curvature of space and that the trajectories 
of all bodies moving in the field of gravity are curved just because space itself 
is curved. But I think it is too hard for you to understand, without knowing 
sufficient mathematics. ”’ 

“It is’, said Mr Tompkins. “But tell me, if there were no matter, would we 
have the kind of geometry I was taught in school, and would parallel lines never 
meet?” 

“They would not,” answered the professor, “but neither would there be any 
material creature to check it.” 

‘Well, perhaps Euclid never existed, and therefore could construct the geometry 
of absolutely empty space?” 

But the professor apparently did not like to enter into this metaphysical discussion. 

In the meantime the image of the book went off again far away in the original 
direction, and started coming back for the second time. Now it was still more 
damaged than before, and could hardly be recognized at all, which, according to 
the professor, was due to the fact that the light rays had travelled this time round 
the whole universe. 

‘If you turn your head once more,” he said to Mr Tompkins, “you will see my 
book finally coming back after completing its journey round the world.” He 
stretched his hand, caught the book, and pushed it into his pocket. ‘‘ You see,” 
he said, “there is so much dust and stone in this universe that it makes it almost 
impossible to see round the world. These shapeless shadows which you might 
notice around us are most probably the images of ourselves, and surrounding 
objects. They are, however, so much distorted by dust and irregularities of the 
curvature of space that I cannot even tell which is which.” 

‘* Does the same effect occur in the big universe in which we used to live before?” 


asked Mr Tompkins. 
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“Oh yes,” was the answer, “but that universe is so big that it takes the light 
milliards of years to go round. You could have seen the hair cut on the back of 
your head without any mirror, but only milliards of years after you had been to the 
barber. Besides, most probably the interstellar dust would completely obscure the 
picture. By the way one English astronomer even supposed once, mostly as a 
joke, that some of the stars which can be seen in the sky at present are only the 
images of stars which existed long ago.”’ 


* * *k * 


Tired of all the efforts to understand all these explanations, Mr Tompkins 
looked around and noticed, to his great surprise, that the picture of the sky had 
considerably changed. There seemed to be less dust around, and he took off the 
handkerchief which was still tied round his face. The small stones were passing 
much less frequently and hitting the surface of their rock with much less energy. 
Finally, a few big rocks, like their own, which he had noticed in the very beginning, 
had gone much farther away and could hardly be seen at this distance. 

“Well, life is certainly becoming more comfortable’, thought Mr Tompkins, 
‘I was always so scared that one of those travelling stones would hit me. Can you 
explain the change in our surroundings?” he said, turning to the professor. 

“Very easily; our little universe is rapidly expanding and since we have been 
here its dimensions have increased from five to about a hundred miles. As soon as 
| found myself here, I noticed this expansion from the reddening of the distant 
objects.” 

“Well, I also see that everything is getting pink, at great distances,” said Mr 
Tompkins, ** but why does it signify expansion?” 

‘* Have you ever noticed ”’, said the professor, “that the whistle of an approaching 
train sounds very high, but after the train passes you, the tone is considerably 
lower? This is the so-called Doppler Effect: the dependence of the pitch on the 
velocity of the source. When the whole space is expanding, every object located in 
it moves away with a velocity proportional to its distance from the observer. 
Therefore, the light emitted by such objects is getting redder, which in optics 
corresponds to a lower pitch. The more distant the object is, the faster it moves 
and the redder it seems to us. In our good old universe, which is also expanding, 
this reddening, or the red-shift as we call it, permits astronomers to estimate the 
distances of the very remote clouds of stars. For example, one of the nearest 
clouds, the so-called Andromeda nebula, shows 0-05 % of reddening, which 
corresponds to the distance which can be covered by light in eight hundred 
thousand years. But there are also nebulae just on the limit of present tele- 
scopic power, which show a reddening of about 15 % corresponding to distances 
of several millions of light years. Presumably, these nebulae are located almost 
on the halfway point of the equator of the big universe, and the total volume 
of space which is known to terrestrial astronomers represents a considerable part 
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of the total volume of the big universe. The present rate of expansion is about 
0-00000001 °% per year, so that each second the radius of the universe increases 
by ten million miles. Our little universe grows comparatively much faster, gaining 
in its dimensions about | % per minute.” 

“Will this expansion never stop?” asked Mr Tompkins. 

‘Of course it will”, said the professor. “‘And then the contraction will start. 
Each universe pulsates between a very small and a very large radius. For the big 
universe the period is rather large, something like several thousand million years, 
but our little one has a period of only about two hours. I think we are now 
observing the state of largest expansion. Do you notice how cold it is?” 

In fact, the thermal radiation filling up the universe, and now distributed over 
a very large volume, was giving only very little heat to their little planet, and the 
temperature was at about freezing-point. 

“It is lucky for us”’, said the professor, “that there was originally enough 
radiation to give some heat even at this stage of expansion. Otherwise it might 
become so cold that the air around our rock would condense into liquid and we 
would freeze to death. But the contraction has already begun, and it will soon be 
warm again.” 

Looking at the sky, Mr Tompkins noticed that all distant objects changed their 
colour from pink to violet which, according to the professor, was due to the fact 
that all the stellar bodies had started moving towards them. He also remembered 
the analogy given by the professor of the high pitch of the whistle of an approaching 
train, and shuddered from fear. 

“If everything is contracting now, shouldn’t we expect that soon all the big 
rocks filling the universe will come together and that we shall be crushed between 
them?” he asked the professor anxiously. 

‘Exactly so,’ answered the professor calmly, “but I think that even before this 
the temperature will rise so high that we both will be dissociated into separate 
atoms. This is a miniature picture of the end of the big universe—everything 
will be mixed up into a uniform hot gas sphere, and only with a new expansion 
will new life begin again.” 

“Oh my!” muttered Mr Tompkins—*In the big universe we have, as you 
mentioned, milliards of years before the end, but here it is going too fast for me! 
I feel hot already, even in my pyjamas.” 

‘Better not take them off,” said the professor, “it will not help. Just lie down 
and observe as long as you can.”’ 

Mr Tompkins did not answer; the hot air was unbearable. The dust, which 
became very dense now, was accumulating around him, and he felt as if he were 
being rolled up in a soft warm blanket. He made a motion to free himself, and 
his hand came out into cool air. 

“Did I make a hole in that inhospitable universe?”’ was his first thought. He 
wanted to ask the professor about it, but could not find him anywhere. Instead, 





rod 
ali 





Orc 
fin 
to 


pir 


rz 


dai 
po 


int 


cre 


is about 
increases 
r, gaining 


will start. 
yr the big 
on years, 
are now 
uted over 
, and the 


y enough 

it might 
d and we 
| soon be 


ged their 
» the fact 
1embered 
roaching 


| the big 
between 


fore this 

separate 
verything 
xpansion 


, as you 
for me! 


lie down 
t. which 


he were 
self, and 


ight. He 
Instead, 





DISCOVERY 439 


in the dim light of the morning, he recognized the contours of the familiar bed- 
room furniture. He was lying in his bed tightly rolled up in a woollen blanket, 
and had just managed to free one hand from it. 
‘* New life begins with expansion”’, he thought, remembering the words 
of the old professor. “Thank God we are still expanding!” 
And he went to take his morning bath. 





Notes of the Month 


Mathematics of Air Raid Protection 


N a letter to Nature on 29 October Professor Haldane gives an interesting 

mathematical treatment of Air Raid Protection. As he says, *“*In view of the 

discussion which is occurring on this subject, it seems desirable to have some 
quantitative measure of the degree of protection afforded by a given shelter. In 
order to limit the problem we may consider only risks of death, and further con- 
fine ourselves to high explosive bombs. Incendiaries have proved a negligible danger 
to life in Spain, and gas is also negligible except for babies and those whose res- 
pirators do not fit.” 

Some of his conclusions are: 

1. The rather obvious one that a policy of dispersing a population within a 
dangerous area does not reduce the probable number of casualties; that is, a 
population evenly spread over London will suffer to the same extent as one gathered 
into large populated knots, leaving empty spaces elsewhere within the area. “It 
merely ensures that no single bomb will kill a large number of people, while in- 
creasing the probability that any given bomb will kill at least one. It is likely to save 
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a few lives by equalizing the numbers of wounded to be treated in different hospitals ; 
and the psychological effect of having 20 killed in each of 10 areas may perhaps be 
less than that of 200 killed in one area.” 

2. A trench gives protection which is nearly complete if the bomb falls outside 
the trench, and is practically useless if it does not. In these cases it is apparent that 


the probability of getting killed depends mainly on the area of a straight section of 


trench, and is about seven times as great in a trench 70 ft. long by 6 ft. wide as in 
one 16 ft. long by 4 ft. wide. 


3. “It would seem that, in the design of many shelters, too much stress has been 
placed on vertical protection, that is to say, protection from bombs falling immedi- 
ately on the individual’s protection, and not enough on horizontal protection; 
that is to say, protection from bombs falling at some distance from them.” 


4. As between trenches and concrete shelters, the calculations suggest that where 
heavy bombs are likely to be used the trench is to be preferred. On the other hand, 
if the concrete shelter were divided into a number of cells by stout walls, it would 
be safer than a trench. 


A New Satellite of Jupiter 


Satellite X of Jupiter has recently been discovered. It is known to be about 7,000,000 
miles from the planet, and an argument is now proceeding about the shape of its 
orbit. 

Since the data are scanty, two orbits can be calculated, each of which appears to 
be equally plausible. One makes Satellite X approach most closely to Jupiter at a 
distance of 2,150,000 miles, with a greatest distance of 9,650,000 miles. The second 
orbit suggests the nearest approach to be very much farther away, actually a dis- 
tance of 6,945,000 miles, and the farthest distance to be 29,675,000 miles. With this 
large orbit, the time to complete a revolution would be nearly three years. 


Neutrons and the Origin of Life 


J. Tandberg of Stockholm has put forward an original speculation about the 
influence of neutrons on the origin of life. 

‘When in early days of the development of the earth its surface was covered 
with an aseptic solution of various organic compounds, these did not react in the 
same way as they would have done if certain enzymes, colloids and other complicated 
substances had already been present. The very first impetus to further development 
had to be given from molecules, containing, for example, carbon and nitrogen in 
certain combinations. One possible way of combining nitrogen and carbon, not 
yet discussed in this connection, may be found in conjunction with certain nuclear 
reactions, also prevalent in Nature at those early days. 
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By the action of cosmic rays or hard y-rays from radioactive matter present in 
the ocean, the deuterium of the heavy water, contained in the ocean water, will 
produce neutrons. These neutrons are slowed down in the water and will react with 
the nuclei of atoms in the molecules dissolved in the water. Thus, for example, 
a heavy carbon atom in an already existent carbon chain compound should be 
transformable (through a short-lived radioactive carbon isotope) into a stable 
nitrogen atom by expulsion of a /-particle. 

If the molecule in which this reaction takes place is not destroyed by the recoil 
or by the particle, the new nitrogen atom may give rise to a new, rather unexpected 
molecule containing a carbon-nitrogen link and capable of new reactions. In the 
same way also a phosphorus atom may be generated from a silicon atom and so on. 

Even the direct action of very hard y-rays on oxygen is capable of producing a 
stable nitrogen atom (with mass number 15) through a short-lived radioactive 
oxygen isotope. 

Thus various complicated organic molecules containing, for example, carbon- 
nitrogen may have originated in a way rather different from ordinary chemical 
reactions and will perhaps have influenced the evolution of organic matter, eventually 
leading to the first primitive forms of living matter, no longer present on earth.” 


The Cyclotron 


The Cyclotron is the most formidable machine which has been used in modern 
physical research. It was invented by E. O. Lawrence in the University of California, 
and is a most ingenious method for accelerating atomic particles to energies of 
millions of volts instead of a few hundred thousands. These enormous energies are 
necessary in order to disintegrate the nuclei of the heavier atoms. High as the 
cost of installation of a cyclotron is, it is so full of possibilities that two have been 
built in England, and are now nearly ready for use: one in Cambridge and the other 
in Liverpool; the second was built under the instructions of Professor Chadwick, 
the last English Nobel Prize winner for Physics. 

With these machines it should be possible to reach energies of 10,000,000 volts 
for protons, and 15,000,000 volts for alpha particles. With such tremendous 
energies, it is probable that we shall soon know far more of the transmutations of 
the heavy nuclei. 


The Prickly Pear Cactus 


The curse of the prickly pear cactus in Australia is definitely coming under control. 
according to a report of the Council for Scientific and Industrial Research in that 
country. The benefits accruing from the destruction of the cactus by Cactoblastis 
are being realized. Large tracts of country are being improved for timber-growing, 
and towns and settlements in the pear country reflect the changed conditions by 
their renewed prosperity. 











Recording the Dance and Song 
of the Lyre Bird 


By EDWARD SAMUEL 


ENURA, the Lyre Bird, is found only in Australia’s most thickly 

vegetated country; near Melbourne in the Dandenong Ranges, and near 
A Sydney in the Blue Mountains. It was first shown to Europeans in 1798 
by a party of men who set out from Port Jackson in search of land. At first it was 
thought to be an Australian Bird of Paradise, and even until quite recently was 
known as “the native pheasant”. The bird is dark brown, and about the size of 
the domestic fowl. It lives almost entirely on the ground, raking the forest floor 
continually in search of grubs, worms and beetles. Practically the only difference 
in the appearance of the sexes lies in the tail; that of the female is long, but 
commonplace, while that of the male is one of the most remarkable ornaments 
worn by any bird, its name being based on the resemblance of the tail feathers to 
the lyre. Certainly, when the tail has been removed, the two large feathers, each 
over two feet long, and the twelve filmy plumes of the same length, may be arranged 
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Male lyre bird with tail raised in the first stage of display 





is RECORDING THE DANCE AND SONG OF THE LYRE BIRD 
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— . in the lyre pattern, al- 
ata though in life the lyre 
shape is seldom apparent. 
Conscious, apparently, of 
the beauty of its tail, the 
male bird performs a 
remarkable “dance”’ on 
little patches cleared for 
the purpose. The beauty 
of the tail is then wonder- 
fully displayed. It is a 
thrilling sight, and the 
more exciting on account 
of the difficulties incurred 
in witnessing it. During 
the display, and at other 
times as well, the bird 
sings so loudly that it may 
be heard a quarter of a 
mile away. It is an ac- 
complished mimic, too, 
and many of the items in its song are exact reproductions of the songs of other 
birds, while other items are semi-original, being based on the sounds heard about it. 
But it is a singer in its 
own right as well, and 
many of the beautiful 
notes areentirely original. 
The male lyre bird is a 
great artist, but a poor 
helpmate. He takes no 
part in the domestic work, 
and the one egg which is 
laid each year is incu- 
bated by the female who 
feeds the chick without 
any assistance. The bird 
is strictly protected by law 
but, during recent years, 
the species has become 
such a general favourite 


that protective laws are The tail is reversed over the back, and the silvery white 
scarcely necessary. underside is displayed 


The tail of the male bird is upright in the early stage of the dance. 
The beak is wide open 
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446 RECORDING THE DANCE AND SONG OF THE LYRE BIRD 


Mr Tregallas, a veteran naturalist, did much to bring the charm of this natural 
artist to the notice of the world. He delivered a series of entertaining lectures, 
spreading abroad the knowledge he had acquired about it after many years of study. 

It was one of these 
lectures which inspired 
Mr Littlejohn of Mel- 
bourne to record for the 
screen the life-story of 
this largest of all song 
birds, and to capture the 
song for reproduction 
overseas. He devoted 
fourteen years to the at- 
tainment of thisambition, 
and was responsible for 
the taking of two motion 
pictures for association 
with direct broadcasts and 

The male bird raking the surface of a dancing mound recordin gs accomplished 
under natural conditions. 
The first film took seven years to make, while the film just released by the 
Australian Government has taken three. Both were photographed at Sherbrooke 
Forest, 25 miles from Melbourne, but the later film is much more efficient than the 
earlier one. This is partly due to the improvements made in negative films in recent 
years, and partly to a greater knowledge of the habits of individual birds gained by 
longer association with them. 

Besides being a creature of the shadows, the lyre bird chooses to sing and 
dance in the depth of winter, when the forest, naturally dull, is shrouded almost 
continually in cloud and fog, and when it is most difficult to get a clear and un- 
interrupted view of the singer. Two whole seasons were devoted to that portion of 
the latest picture which, in three minutes on the screen, depicts the dance of the 
male lyre bird performed on small circular patches or mounds. 

Some idea of the extreme caution of the species is given by an experience during 
the early stages of the taking of this new film. At this time the camera was used in 
a padded box, which was camouflaged among ferns 15 feet from a mound, and 
operated from a considerable distance by means of a line. During several weeks the 
bird refused to display on this mound, although it was clear that it had used it at 
other times. Eventually it was realized that the small shining lens, less than an inch 
in diameter, which was deeply recessed in the box, was the cause of the trouble, 
and a small cover was then made for it, and kept on until the motor was actually 
started. This device was successful at once, and several efficient shots were made 
by operating the camera with a line from 50 yards’ distance. In order to speed up 
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A dancing mound in Sherbrooke Forest, Australia 





The nest of the lyre bird, with a chick about five weeks old 
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operations, the camera was later carried in the hand so that exposures could be 
made at any mound instead of at only one. In a few instances, including the final 
scene in the picture, exposures were made from 10 feet. These shots are evidence of 
remarkable good fortune, for on hundreds of other occasions the bird refused to 
be photographed from any such distance. Long association with the particular 
bird, however, certainly did enable the photographer to forecast its movements and 
reactions with some degree of accuracy. 

Filming the female bird was not so complicated, as the hen at nesting time is as 
trustful as one could wish. The dullness of the light was the main difficulty, however, 
and the operator may well be proud of a section of the picture which actually shows 
the mother feeding the chick in the nest while the camera whirred only 18 inches from 
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her. It took three weeks of tedious education with an electric buzzer before the 
noisy camera could be used at such close range. 

The recording of the song which accompanies the dancing of the male bird was 
also made under natural conditions, but in somewhat easier circumstances, as the 
microphone will function when completely hidden, and makes no noise. The sound 
recording was made from the forest during a direct broadcast to radio listeners in 
every State in Australia. Broadcasts of this nature were made annually by the 
Australian Broadcasting Commission, the photographer’s job on these occasions 
being to determine, by long observation of two male birds, the best positions for 
the microphone. A temporary studio was set up at a point between the two hidden 
microphones, and here a small group of technicians and officials waited all day in 
fog and cold for one or other of the chosen performers to sing near his own special 
microphone. 








The Confidence Drug 


By JOHN YUDKIN 


E have heard a great deal during the last year or two of a new drug, 

benzedrine. It has attained an immense degree of notoriety in the daily 

Press, where its unusual properties of stimulation have earned for it the 
name of “the confidence drug’’. The same Press, having encouraged and broadcast 
—to an extent which has led to its use by thousands of tired business men, anxious 
students and bored housewives—these remarkable claims of the drug’s power to 
eliminate depression and increase intelligence, then clamoured for the legislative 
restriction of its sale. Just recently, such legislation has, in fact, been introduced. 
The drug is now on the list of scheduled poisons, and can only be obtained with a 
doctor’s prescription. 

What is the truth about this drug? How far are the popular views regarding its 
action justified? Is a person of ordinary or subnormal intelligence, for example, 
likely to be able to pass an academic examination through the effects of the drug, 
which otherwise he would certainly be unable to do? Is an individual, whose 
financial and family affairs have become unbearably difficult, going to be lifted 
from his state of extreme depression and so be much less likely to end his own life? 
And if the drug does not possess such properties, has it any value at all in medicine, 
and if so, in what conditions and to what degree? It is in order to answer such 
questions as these that I have attempted to bring together some of the undoubted 
and proven actions of this new substance. 

The discovery of the drug was the result of a search for chemical compounds 
which would have an action similar to that of adrenaline, but without the dis- 
advantages associated with the use of this hormone. Adrenaline is a substance 
normally produced by two small glands, the adrenals, situated on the kidneys. It is 
secreted during periods of stress and emotion, in response to “fright, fight or flight”’. 
So that if you are suddenly confronted at night in a dark lane by someone demanding 
your gold watcn and note case, your first reaction is one of fright. Whether your 
further reactions are those of fight or flight depends largely on the relative sizes of 
yourself and your opponent. In all of these conditions, adrenaline is poured into 
the blood stream, and its effect is to render the body more capable of meeting such 
emergencies. Thus, the circulation of blood in the muscles of the limbs is improved, 
both by an increase in the heart rate and by the closing down of many of the blood 
vessels of such easily dispersable areas as the digestive tract. At the same time, the 
whole process of digestion is slowed down by a decrease in the movement of the 
digestive apparatus, and by a closure of the numerous valves which shut off one 
portion of the tract from another. The effort of breathing is made easier by a 
dilatation of the air passages. There is also a rise in the sugar of the blood, so that 
more is available as an energy source for the activity of the body. 
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it is frequently useful to be able to obtain these effects in the treatment of various 
maladies. For example, adrenaline gives rapid and enormous relief in an attack of 
asthma, by virtue of its action of dilating the air passages. Its most dramatic use is 
seen when it is injected into the circulation or even directly into the heart, when this 
has ceased beating, for example, under an anaesthetic. Many persons have literally 
been brought back to life by the restoration of the circulation in this way. In 
conditions such as these, where an immediate response is desired, adrenaline is an 
immensely useful substance. But when a prolonged effect is desired, adrenaline is 
of no value. Moreover, it has no action when taken by mouth, since it is destroyed 
in the stomach. It has, therefore, to be injected, and this naturally limits its 
usefulness. 

Apart from these general actions, adrenaline has an important local action in 
constricting the blood vessels. It is used in this way as a spray to relieve congestion 
in nasal catarrh or an attack of hay fever. 

A valuable drug of the adrenaline type was found in ephedrine, isolated from a 
Chinese seaweed. It can be taken by mouth, and produces its effect in about half 
an hour. It has also been used as a spray in a similar way to adrenaline, and here, 
too, its action is slower, but more prolonged than this substance. 

Adrenaline and ephedrine are related chemically, and can be synthesized in the 
laboratory. An enormous number of substances of similar chemical constitution 
have been synthesized and tested for their local and general effects. 


HO. 


HO—< = >—CH(OH).CH,.NH(CH;) 
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Adrenaline Ephedrine 
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Benzedrine 


In 1930 a new substance was reported with the name beta-phenylisopropylamine, 
more generally known by its trade name, benzedrine. Its effects on animals were 
first studied. Then in 1932 there began to appear reports of its action when used as 
an inhalant in men and, lastly, from 1935 onwards, a great deal of work has been 
done on its effect on humans when taken by mouth. 

Used locally, the new drug showed several distinct advantages over both adrenaline 
and ephedrine. These latter substances are not volatile, and have to be introduced 
into the nasal passages by spraying. Although modern sprays are very effective in 
the dispersal of a liquid, the intricacy of the nasal passages prevents their complete 
penetration by the sprayed fluid and the drug which it contains. Benzedrine, how- 
ever, is volatile, so that when breathed into the nostril it can pass to all parts of the 
lining membranes of the nose and throat. It was found, too, that benzedrine has a 
second advantage. The constriction of the blood vessels, which results in the relief of 
the congestion, is followed, when adrenaline or ephedrine is used, by a reactionary 
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dilatation of these vessels. The relief obtained is, therefore, only temporary, and 
often the final condition of the nasal passages is worse than the original. This 
reaction is not found when benzedrine is used, so that the relief experienced from 
its use is more lasting. Some conditions for which inhalations of benzedrine have 
been successfully used are the common cold, infections of the sinuses and attacks 
of hay fever and asthma. 

When taken internally, the drug has a variety of effects. It is the effect on the 
nervous system and brain which has been so much discussed recently, but let us 
first consider briefly the action of benzedrine on other systems. Like adrenaline 
and ephedrine, benzedrine causes a rise of blood pressure which is more prolonged 
than with these older drugs. It has, therefore, been given, with marked success, to 
patients with low blood pressure, who are subject to fainting attacks. The rise of 
blood pressure which benzedrine produces has the disadvantage that it renders the 
drug unsuitable for patients, who, for conditions such as those described later, 
would be given the drug, but have a dangerously high blood pressure already. 

In many individuals benzedrine produces a loss of weight, and some doctors 
have used it in the treatment of obesity. Its inconsistent action, and the many 
unpleasant effects which, as we shall see, may accompany its use, have precluded its 
wide application for this condition. 


Another interesting use of the drug is in certain cases of sea-sickness. It appears 
that certain people are subject to sea-sickness because of the excessive activity of 
one part of their involuntary nervous system, the parasympathetic. Adrenaline 
stimulates the opposing nervous system, the sympathetic, so that adrenaline and 
drugs with a similar action are able to counteract the too energetic parasympathetic 
system in such individuals. The use of benzedrine has accordingly been attempted 
in the treatment of sea-sickness in these cases, and the results have been very 
promising. 

The action on the brain and nervous system is one of stimulation. It produces 
a sensation of increased well-being and a relief from fatigue. There is a feeling of 
increased mental and physical energy, and the individual often describes himself as 
“full of pep”. These facts led to the use of benzedrine in conditions of fatigue, 
sleepiness and depression, and in many cases there was seen a striking improvement. 
Some of the best results were seen in the treatment of narcolepsy, a disease in which 
the patient may have attacks either of irresistible sleep, or of suddenly losing the 
use of his limbs and falling limply to the ground. In most cases these attacks ceased 
entirely when benzedrine was taken—patients who were having as many as eight 
or ten attacks of falling asleep in one day were completely cured. Previously 
ephedrine has been used with moderately good results, but the effect of this drug 
gradually became less so that, after a few weeks, ephedrine had no effect. Benzedrine, 
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on the other hand, retained its original efficacy after being used continually for 
more than a year. 

A second type of case for which the stimulating effect of benzedrine has been 
used is in that most distressing disease known as “ post-encephalitic Parkinsonism”. 
Some years after an attack of encephalitis lethargica, or sleepy sickness, which may 
have been so slight as not to have been diagnosed as this condition, some 10 or 20% 
of those attacked begin to develop Parkinsonism, or the “shaking palsy”. The 
victim of this disease, often a young adult, presents a pathetic picture—rigid, bent 
body and legs, shuffling gait, shaking arms held across the front of his chest and 
features whose mournful expression is accentuated by a half-open mouth. Although 
nothing is yet known which can cure this disease, considerable relief can be achieved 
through the use of benzedrine. There is a decrease in the tremor and rigidity, and 
a marked improvement in the general well-being and strength of the patient. 

It is in the less well-defined conditions of chronic fatigue and depression that it 
is so difficult to assess accurately the value of the drug. It is certainly true that in 
the states of pathological depression sometimes found in the truly mentally ill 
patient—the psychopathic or psychoneurotic—remarkable improvements often 
result from the use of benzedrine. In these cases the state of depression differs from 
that which we all may occasionally experience as the result of difficult or unpleasant 
circumstances, for they are characterized by the almost invariable absence of such 
precipitating causes. In fact, such pathological depression is curiously unaffected 
by unpleasant events which would cause considerable worry in normal individuals. 
In such patients, particularly when they are mildly affected, benzedrine can cause 
a wonderful lightening of their harassed minds. 


** * *K * 


Further, improvement is often seen in cases of mental exhaustion where there is a 
lack of energy, a continuous sense of fatigue and an inability to concentrate—in fact, 
the symptoms of that mythical condition of “night starvation”. In many of these 
cases, however, the improvement is only of a temporary nature. 

In normal people, the general effects of benzedrine are also those of stimulation, 
as we have already shortly noted. There is a feeling of increased confidence 
and exhilaration, thought processes are accelerated and the individual becomes 
restless and talkative. The total effects may be highly gratifying, as during an inter- 
view where fluent talking, quick thinking and a confident manner produce an 
excellent impression. On the other hand, the effects may be disconcerting: a junior 
official in a hospital was severely taken to task for his jovial manner and loquacious- 
ness when speaking on the telephone to a superior officer. 

Intelligence tests, worked out by psychologists, have shown an increased score 
achieved by persons after taking benzedrine. As a well-known London physician 
has written: ““The Press, unable to discriminate between intelligence testing and 
intelligence, spread the glad news of the discovery of a substance which among 
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other effects produced an increase of intelligence. Our * Bright Young Things’, and 
even more seriously minded people like students of medicine, began to take 
benzedrine in the hope that their chatter might be brighter or their examiners less 
formidable.”’ Now there is no doubt that the effects we have described above are 
real, and that most people taking benzedrine feel brighter and more “alive”. With 
regard to the intelligence tests, however, we must realize that the improved per- 
formance of laboratory trials is not really the result of an increase of native 
intelligence but rather the result of increased rapidity of thought. Much the same 
effect is seen after taking caffeine, and this accounts for the extensive popularity 
of drinks like tea and coffee which contain this substance. It is certain that no 
fundamental alteration in intelligence occurs, such as would make an individual 
capable of performances otherwise completely beyond his power. 

The effects of benzedrine which we have so far described are desirable ones, and 
it was early seen that there was a possibility of persons becoming addicted to the 
use of the new drug. Surprisingly, however, in view of its stimulant actions, and 
disappointingly so far as the outcry in the Press is concerned, there have been very 
few reports indeed of benzedrine addiction. 

There are two important reasons for this. In the first place it is found that although 
the effects are lasting in certain respects, such as in the improvement noted in 
Parkinsonism, the general stimulating effect on the normal individual appears to 
be lost after a few weeks or months. Secondly, and more important, the results of 
taking the drug are not entirely beneficial, for there are many unpleasant side effects. 
Its action in combating sleepiness, so useful in treating the condition of narcolepsy, 
may result in normal individuals in severe insomnia. The quickened thought and 
increase in energy may readily become, in certain individuals, unpleasant restlessness 
and irritability. Palpitations and headaches are not uncommon, and often there is 
uncomfortable flushing and perspiration. In a very few cases severer symptoms may 
occur, such as vomiting and collapse, but this is usually due to excessively large 
doses of the drug. 

On the whole, then, we may consider that the danger from addiction is not very 
great. The restriction of the sale of benzedrine, however, which has recently been 
introduced, is justified by the fact that, although extremely valuable in certain 
conditions under medical supervision, it is a drug with very varied actions and often 
with many unpleasant results. 

Lastly, one may ask whether the inhalation of benzedrine for the conditions we 
described earlier, may not produce the more widespread general effects seen after 
taking the drug by mouth. Experiments have recently been performed in which it 
has been found that the amount of benzedrine which can be inhaled is very much 
less than that required to produce any general stimulation. So that the alarming 
picture which has been drawn by the fanatical clamourers for the restriction of the 
sale of the drug, of a benzedrine addict secretly sniffing at his inhaler, is an extremely 
unlikely one to be met with in real life. 
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Some Problems of Modern Street Lighting 
By R. C. EVANS 


LIGHTING IN EARLY TIMES 


RTIFICIAL illumination has been known 
A to man from the time when he first 
discovered the use of fire and, although his 
fire was doubtless originally prized prim- 
arily for its heat, he soon came to appreciate 
no less the social value of the light which it 
shed, so that, first as a flaming faggot from 
the fire, and later as the torch and the oil 
lamp, we find deliberate attempts to develop 
and improve artificial light sources. As early 
as:3500 B.c. lamps burning vegetable or ani- 
mal oils were in use in Ur of the Chaldees, 
while in the first century A.D. Pliny describes 
the precursor of the candle—a primitive rush- 
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light formed by soaking the pith of a rush 
in oil or fat. In the fourth century the candle 
of bleached wax was introduced by the 
Phoenicians, and in the succeeding centuries 
oil lamps underwent modification in detail 
and often developed into objects of very 
great beauty, such as that shown in Fig. 2. 
But apart from the discovery of new and 
more suitable types of oil, which gave a 
cleaner and less obnoxious flame, little im- 
provement was effected. It was not until 
1784 that the use of a glass chimney was in- 
troduced to improve the draught, and only 
in 1843 that mineral oils replaced those of 
animal or vegetable origin. 

In spite of the existence of lamps of quite 
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passable efficiency from Roman times on- 
wards, it seems to have been many centuries 
before any attempt was made to provide 
illumination outside the confines of the 
home or temple. It is true that in Antiocha 
system of street iighting existed in the fourth 
century A.D., and that in public places in 
other cities open fires in large iron baskets 
were kept burning, but it is probable that in 
the latter case their purpose was symbolical 
rather than utilitarian. 

In England, at any rate, it was in 1417 
that street lighting first appeared, for in that 
year the Lord Mayor of London ordained 
lanthorns with lights to bee hanged out on 
the winter evenings betwixt Hallowtide and 
Candlemasse’’. Street lighting thus became 
the responsibility of the individual house- 
holder, and for over three centuries this 
system remained in force. The arrangement 
appears to have been much resented, for 
we read of the great difficulty in enforcing 
the decree, while at the same time the 
resultant illumination was quite inadequate, 
and it remained necessary for the nocturnal 
traveller to be accompanied by his *‘link- 
boy” carrying a torch, or link, to light his 
path. The resentment may indeed have been 
well founded, for at the time even the most 
meagre illumination was very costly, so much 
so in fact that we still symbolize as ** burning 
the candle at both ends” any display of 
wanton or reckless extravagance. By the 











Fig. |. Primitive fire baskets 


beginning of the eighteenth century the 
position became acute. Householders re- 
fused to comply with the decree of 1417 


and, as a result of their neglect, ‘““when 
night darkened the streets there wandered 
forth the sons of Belial, flown with insolence 
and wine’’, while robbery and other law- 





Fig. 2. Early -nultiple wick open flame 
oil lamp 


lessness became common. In 1736 the 
responsibility of street lighting was finally 
removed from the individual and became 
a charge on the rates. Within two years 
there were fifteen thousand street lights in 
London alone, and by 1770 oil lamps 
mounted on columns were to be found 
in every important street. They appear as 
a conspicuous feature in contemporary 
pictures, and in Hogarth’s engraving, The 
Rake’s Progress IV (see p. 455), a ‘lamp- 
lighter is clearly shown refilling a standard 
oil lamp. Early in the nineteenth century 
the development of gas lighting led to 
further advances, and in 1809 it was used 
for the first time for street illumination 
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in Pall Mall. Pro- 
gress thereafter 
was rapid, stimu- 
lated still further 
by the invention 
of the arc light 
and, later, of the 
metal filament 
electric lamp. 

In spite of all 
the advances just 
described in the 
sources of light 
available, there 
was until a few 
years ago no cor- 
responding ad- 
vance in the pro- 
per application 
of these methods 
of illumination. 
Lamps were de- 





(Science Museum, South Kensington) 


signed solely on Fig. 3. Pall Mall in 1809, the first gas-lit street in London 


aesthetic grounds 

without any consideration of their functional 
purpose, so that the street lights of even a 
decade ago were little different, except in the 
source of light, from those set up when 
street lighting first became a public responsi- 
bility in the reign of George II. Only in the 
last ten years has any systematic attempt 
been made to study scientifically the pro- 
blems involved in the proper illumination of 
a thoroughfare in a manner adequate for 
modern requirements. 

We can never hope toemulate by night the 
conditions of illumination which we obtain 
by day. In bright sunshine the intensity of 
illumination may exceed 10,000  foot- 
candles,* and even on a dull day reaches 700 
foot-candles or more, but only in the most 
brilliantly lighted streets is the illumination 
by night as high as 0-2 foot-candles. There 
is, therefore, a factor of at least 3500 be- 
tween conditions by day and by night, and 
itis clear that any attempt to approach day- 
light conditions in street lighting would be 

* The foot-candle may be roughly defined as the 
intensity of illumination at a distance of one foot 
from a candle. 


altogether prohibitive in cost. The very low 
intensities to which the lighting engineer 
must necessarily reconcile himself introduce 
a number of particular problems not en- 
countered in other branches of illuminating 
engineering. 

For the slow-moving pedestrian, who re- 
quires little more than sufficient light to en- 
able him to discern the kerb and the trees or 
other objects in his path, the level of illumina- 
tion provided generally ten years ago, and 
still provided to-day on all but our main 
thoroughfares, is doubtless sufficient, but 
for traffic requirements it is entirely inade- 
quate. Sufficient lighting is achieved only 
when motor traffic can proceed with no 
more delay than by day and without the use 
of headlamps and without imposing any un- 
due nervous or physical strain on the driver. 
The driver must, therefore, be able to dis- 
cern objects on the road as quickly and 
clearly by night as by day. 


THE SILHOUETTE EFFECT 
In bright light objects are recognized both 
by contrasts of colour and by contrasts of 
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brightness. A body may stand out from its 
background because it is differently coloured 
or because it is brighter or less bright than 
that background. At very low light intensi- 
ties, however, the eye loses its colour sense 
and a discrimination of objects by their 
colour alone becomes difficult or impossible. 
The reader can readily confirm 
this for himself by trying to 
sort in a very dim light a 
number of objects (say, some 
threads of wool or some 
brightly coloured books) simi- 
lar in shape but different in 
colour. In street lighting it Is 
consequently necessary to rely 
solely on differences of bright- 
ness for discrimination, and 
since the majority of objects 
to be found on a road are 
dark in colour this can only 
be achieved if these objects 
appear in silhouette against a 
bright background. The clear 
visibility of objects seen under 
these conditions is shown in 
Fig. 4. 

From the above considera- 
tions it is clear that the primary requirement 
of a well-lighted, street is a brightly and 
uniformly illuminated road surface. Each 
separate lamp produces a pool of illumina- 
tion on the road situated between the lamp 
and the observer. In order that these pools 
may merge into one another and cover the 
whole area of the road surface, the lamps 
must be carefully placed not too far apart 
and must overhang the roadway. Except 
In very narrow streets, alternate lamps 
must be staggered. In practice, lamps not 
more than 125 feet apart and at a height 
of 25 feet are satisfactory on a straight 
road. 

The illumination of the road surface 
rather than of the objects on it necessitates 
that lamps should be designed to direct the 
greater part of their light along the highway 
and at an angle very little below the hori- 
zontal, since the light reaches the driver’s 
eye by more or less specular reflection at 





small angles from the road surface. This 
condition unfortunately means that un- 
avoidably some light also reaches his eye 
direct from the lamp, and if this is too bright 
unpleasant glare and dazzle result. The indi- 
vidual lights should therefore not be too 
bright, and the best results are obtained 





(From Light and Lighting) 


Fig. 4. The silhouette effect, showing the clear visibility of 
dark figures seen against a brightly lit road surface 


when a large number of relatively dim lamps 
is employed. 


THE ROAD SURFACE 

Since the road is illuminated primarily by 
the light reflected from its surface, the nature 
of this surface itself plays an important part 
in a successful lighting scheme, and this fac- 
tor must always be taken into account in 
road surfacing. A very rough matt surface 
scatters light diffusely, so that in any one 
direction it reflects only very little light and 
appears dark, while a very highly polished 
surface behaves too nearly like a perfect 
mirror and presents the appearance of a 
series of discrete bright reflections of the 
separate lamps on an otherwise dark field. 
Some condition intermediate between these 
extremes is desirable, and it is interesting to 
note in this connexion that it 1s the sheen 
rather than the colour of the surface which 
is of importance—at very oblique incidence 
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light is reflected equally well from surfaces 
of almost any colour. The conditions are, of 
course, entirely different in country roads 
designed to be lighted only by the lights of 
the traffic on them. Here the road surface is 
seen by the light scattered backwards, as 
opposed to that reflected forwards, and the 





Fig. 5. A badly lit road, showing patchy appearance due to 


widely spaced lamps 


lightest possible surface is desirable for good 
visibility. 

The effect of too widely spaced lamps or 
of a too highly polished road surface is 
shown in Fig. 5. Beside the danger of ob- 
jects in the dark patches remaining unseen, 
such a wide and repeated variation in in- 
tensity is particularly fatiguing to the eye, 
which is forced continually to accommodate 
itseif to the changing conditions. The reader 
can easily demonstrate to himself the extent 
of this discomfort by attempting to read in 
a well-lighted room where the illumination 
on his book is supplemented by a local 
source, such as a table lamp, which is re- 
peatedly switched on and off at short inter- 
vals. Such fatigue is further dangerous in 
that it may ultimately lead to an unconscious 
repression of reactions to stimuli, and so to 
a general relaxation of attention and a 
lowering of the standard of driving on the 
road. The proper arrangement of street 


> | ee 
(From Light and Lighting) 


lamps to provide adequate illumination has 
recently been considered by a Ministry of 
Transport committee which has drawn up 
recommendations embodying the minimum 
requirements for streets of various classes, 
including such exceptional conditions as 
those associated with sharply curved roads, 
one-way streets and rounda- 
bouts. These recommendations 
are normally adopted in all new 
street lighting schemes. 


THE LIGHT SOURCE 


The advances in street lighting 
which have resulted in the last 
ten years from a scientific ap- 
proach to the problems of the 
proper arrangement of the light- 
ing units have also been accom- 
panied by corresponding ad- 
vances in the source of light 
itself. Ten years ago the incan- 
descent light, either of gas or 
electricity, was the only prac- 
ticable source of illumination, 
but recent developments of the 
electric discharge lamp have 
provided a new source of great 
promise, and with many advantages. These 
lamps are capable of converting into light 
a very much greater fraction of the total 
energy consumed than is possible with the 
filament lamp, so that their efficiency is 
several times that of a source of the latter 
type and the cost of operation correspond- 
ingly less. They do, moreover, possess the 
further advantage that the luminous source 
can be of considerable size, so that a high 
total intensity can be achieved without the 
high brightness that produces the un- 
pleasant sensation of glare. 

The chief disadvantage of such lamps, 
which makes them unsuitable for many pur- 
poses, is that their light is not white but 
either monochromatic or composed of only 
a few isolated colours, the most familiar 
being the yellow of sodium, the red of neon 
and the bluish green of mercury. The colour- 
rendering power of these sources is therefore 
entirely false, but we have already seen that 
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in the low intensities of illumination en- 
countered on even the best lighted roads, 
such a disability is of little consequence, 
since in any case the eye itself is almost 
wholly insensitive to colour values, and it is 
only by a silhouette effect that objects can 
be recognized. 


Gas lamps, incandescent electric lights 
and discharge lamps are all to be found in 
recent installations in this country, and 
yet it is difficult to believe that in each 
case the particular system chosen is that best 
suited to its purpose, or to escape the con- 
clusion that in many cases the choice be- 





(General Electric Co.) 


Fig. 6. A well-lit street 


LIGHTING IN THE FUTURE 

The rapid development in scientific street 
lighting in the last few years gives every 
reason to believe that progress in the near 
future will be no less considerable, but it 
does at the same time bring with it corre- 
sponding dangers. Few local authorities 
have engineers adequately versed in lighting 
problems, and in a well-intentioned desire 
to provide improved conditions have some- 
times hastily adopted ill-considered schemes 
either needlessly costly or technically un- 
suitable. 


tween them is determined either by ignor- 
ance or by private interests. Even if there is 
little to choose between such systems at the 
present time, there can be little doubt in 
which direction future developments will 
take place, and only by judicious selection 
at the outset can the danger of heavy re- 
placement costs, necessitated by further 
progress in the future, be avoided. It is un- 
fortunate that the Ministry of Transport 
committee does not give specific guidance 
in this matter. 
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Early Microphotography and the Paris 
Post of 1870 


By R. E. D. CLARK 


(The cuts in this article are taken from the British Journal of Photography, and show 
early apparatus for the making of microphotographs) 


HE microphotography of documents Is 

being much talked about at the present 
time. Not many weeks pass without some 
noted librarian declaring that the photo- 
graphic reproduction of printed matter on 
a greatly reduced scale will eventually solve 
the problems of the modern library. At the 
present moment all the early printed books 
in the British Museum are being copied 
on film, while some forty American news- 
papers arrange for filmed copies of their 
pages to be made available in the American 
libraries. In addition, thousands of pages 
of old newspaper files have been reproduced 
on film, while the Banks have for long copied 
every cheque which passes through their 
clearing houses. In America many early 
books long since out of print have now 
been published in the form of rolls of film. 
A large quantity of sociological research 
material has been copied, the original of 
which was in part lost for good in the great 
Mississippi floods. And so the micro- 
photography of documents proves to have 
more far-reaching uses as every year passes 
by, and Mr H. G. Wells’s speculations on 
its place in the world of the future seem less 
and less fantastic. It looks as if the world 
is just awakening to the possibilities of a 


development, the only past parallel of 


which was the invention of printing itself. 

It is of some interest to turn from these 
new applications of microphotography to 
its early history—for the idea is not really 
new, but dates right back to the earliest 
days of photography and it even found 
practical application many years ago. 

The first microphotographs were pro- 
duced by the Daguerreotype method as 
early as 1840. Before 1860 they were being 
produced in great numbers by the now 
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obsolete collodion process, particularly by 
amateur photographers. In the Photo- 
graphic News for 1859 and 1860 various 
suggestions for the use of such photographs 
were put forward. It was suggested that 
they would be very useful to spies in war 
time, who might thus carry large numbers 
of documents about their person in such a 
minute form that there would be little fear 
of discovery even after careful searching. 
There was, for instance, scarcely a limit to 
the quantity of material which could be 
carried in a single button or in the orna- 
mental top of a pencil. 

Then again it might happen in war time 
that two armies would become separated 
and unable to send secret messages to one 
another. In such cases it was suggested 
that military documents should be copied 
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on film and placed inside a rifle bullet 
which, at an agreed signal, would swiftly 
carry its valuable messages over one or 
two miles of territory occupied, perhaps, 
by enemy troops. Finally, it was claimed 
that, if necessary, the entire archives of a 
nation could be made to fit neatly into a 
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snuff box, although at that time there did 
not seem any point in making them do so. 

Although these suggestions were freely 
discussed they came to nothing and were 
soon forgotten. Microphotography, how- 
ever, rapidly forged ahead, though it 
served no really useful purpose. Within a 
few years of their introduction the tiny 
photographs had produced quite a sensa- 
tion. Ladies of society went to all lengths 
to procure specimens. Articles of jewellery 
of all kinds—rings, brooches, pins—were 
decorated with microphotographs, often 
mounted with a lens which enabled them 
to be viewed against the light. By 1864 
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pocket knives were being vended at a cost 
of only three shillings each, in which a tiny 
picture with a lens in front of it had been 
mounted in the axis of the knife. In the 
same year a _ respectable photographic 
magazine was deploring the use of such 
wares for the portrayal of undesirable 
pictures. 

At about the same period microscope 
slides were on sale labelled ‘*A Photo- 
graphic Curiosity for the Microscope”. 
These consisted of tiny pictures—often as 
small as a pin’s head—of such subjects as 

“The Soldiers Dream”, **Kilchurm 
Castle”, “Prince Albert”, ‘Eminent 
Men”, and so on. Some of these slides 
were on view at the Exhibition of Apparatus 
for the Reproduction of Documentary 
Material at the Science Museum, South 


Kensington, in October. They are still 
good condition though nearly eighty years 
have passed, and it is believed that modern 


microphotographs which avoid the use of 


nitro-cellulose altogether will be even more 
permanent. 

By the middle of the ‘sixties the methods 
of making the tiny bijoux had become public 
property. The secret of success lay in focus- 
ing and—perhaps—in the use of the white 
of eggs. Moreover, it was customary to 
develop the pictures in as short a time as 
twenty-five or thirty seconds or even less, 
thus giving little chance for the silver grains 
to grow in size. Pieces of glass were first 
covered with the usual collodion mixture 


and then, before treating it with a salt of 


silver, a mixture of various bromides and 


iodides with sugar candy and the white of 


ege was carefully poured over the film. 
After that it was dipped in a silver bath and 
all was ready. 

Results were quite surprisingly successful. 
By such means as these one side of The 
Times was reduced to the size of a finger 
nail and yet every word was legible under 
a microscope. Those who are familiar with 
the newspapers of last century will know 
that the size of print used at this period was 
a great deal smaller than it is to-day, so 
that this represented no mean achievement. 

Indeed, it is only during the last few 
years, with the advent of “grainless”’ film, 
that those early results have been equalled 
and surpassed. 

As we have seen, early microphotography 
started with no definite utilitarian motive 
in view. Its very existence was somewhat 
resented by the orthodox photographer of 
those days. Thus we find Thomas Sutton, 
an authority of his time, mentioning the 
subject in his Dictionary of Photography 
published in 1858. After some quite un- 
informative remarks, he adds: ** Enough 
has now been said about a process which 
will strike any reasonable person as some- 
what trifling and childish, when he considers 
how many valuable applications of photo- 


graphy remain yet to be worked out.” 


And this seems to have represented the 
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opinion of many of his contemporaries. 
In 1864 we find Dagron complaining that, 
although microphotography represented 
quite an industry in Paris, most writers on 
photography still did not consider it worthy 
of attention. 

But twelve years after Thomas Sutton’s 
work was published, microphotography 
was destined to find a practical application 
of no small importance. 

It was in the year 1870 that the Prussian 
troops were marching irresistibly through 
France, and soon they reached the capital 
which they proceeded to surround. Intent 
upon cutting Paris off completely from 
communication with the outside world, 
they dug down to every buried telegraph 
wire and even dredged in the mud of the 
Seine for wires of communication. By 
21 September they had succeeded in their 
task and Paris was isolated. 

There was no difficulty in sending 
messages out from Paris for, owing to the 
prevailing easterly winds, balloons loosed 
in the city usually came down in friendly 
territory. Some even landed in England 
and in The Times of 7 February 1871 there 
is produced an amusing letter from the 
Rev. A. B. Alexander, Vicar of Christ 
Church, Churt, in Surrey, who relates that 
as he was going for a walk one day over 
the downs he saw “‘an object which seemed 
to me to be like a woman with a petticoat, 
picking up sticks”. It turned out to be a 
‘beautiful little crimson-and-white oiled 
skin balloon” with two letters attached 
and the request that they should be posted 
to friends of those who had despatched the 
message in Paris some days before. 

For news in the opposite direction the 
inhabitants of Paris were forced to rely on 
pigeons. These were sent out in balloons, 
and were afterwards released from Tours 
and other places bearing many a precious 
military document. But the pigeons were 
ill-trained for such work, and, with the 
weight of the paper and the intense cold, 
it is believed that scarcely one succeeded 
in reaching the capital. 


At this point M. Dagron saw _ the 


possibilities of the microphotographic 
method which he had been perfecting for 
several years. He proposed its use to the 
Government, who at once saw its value and 
made arrangements for M. Dagron to leave 
the capital. On 10 November two balloons 
were released from Paris appropriately 
christened ‘Daguerre” and *Niepce” 
carrying Dagron together with much of his 
apparatus. But the balloons were over- 
burdened and were unable to travel far 
enough over the enemy's lines. The 
‘* Daguerre”’ was captured by the Prussians 
and the ** Niepce’’, which carried Dagron, 
landed in territory which the Prussians had 
already penetrated. No sooner had its 
occupants placed the valuable contents in 
a couple of carts and dressed themselves 
in the clothes so willingly supplied by the 
peasants than a group of soldiers appeared 
and captured one of the carts, together 
with the balloon. But Dagron showed 
great cunning and presence of mind. He 
succeeded in packing his remaining 
apparatus into wine barrels, after which 
he obtained a permit from the Prussian 
military authorities to cross the line into 
Tours with his wines! 

Dagron reached Tours on 21 November, 
when he proceeded at once to organize 
despatches to the capital. Copies of 
documents were printed on thin transparent 
paper. These were photographed on to a 
glass slide by the collodion process, and 
the resulting photograph was once more 








Pigeon with quill tube attached to its wing 
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reduced in size. Finally some three or four 
thousand messages were all contained on a 
glass plate less than 2 inches square. From 
this a large number of copies were prepared 
and the collodion was stripped off the 
glass in the form of a thin sheet, but 
three-quarters of a grain in weight, on 
which every letter of the original was 
perfectly reproduced. 

About twenty of these pellicles were 
rolled together and placed in a small quill 
tube which, when loaded, weighed about 
a gram. These tubes were attached to the 
middle feathers of a pigeon which was 
loosed at Tours. 

The only pigeons available were, as we 
have seen, untrained for the work and very 
few ever reached Paris, not more than 3 or 
4°, in all. But every message was sent out 
again and again by different birds, perhaps 
twenty, perhaps fifty times until, as a rule, 
its reception had been advised by balloon 
from Paris. In this way fifty thousand 
despatches reached the city out of a total 
of about twice that number which had been 
sent. The total number of messages actually 
attached to the birds was, of course, a much 
larger number—about two and a half 
million. 

When the pigeons arrived at their cotes 


in Paris the quill tubes were carefully 
opened and, after flattening, they were 
magnified by an enlarger—which em- 
ployed a form of electric lamp at that 
early date. At first the messages were 
thrown one by one on a screen while 
clerks copied out the information they 
contained. This did not prove very satis- 
factory, however, owing, no doubt, to the 
poor illumination, and later the messages 
were projected upon photographic paper 
directly, and the messages then delivered 
by post to those for whom they were 
intended. 

Dagron rapidly became more and more 
skilful in the production of the photographs. 
Rarely did he delay the messages by more 
than a day between receiving them and 
sending them off, while at the end of the 
siege he was despatching them within five 
hours. At an early stage the service was 
made open to the public who were able to 
send a message of about a dozen words to 
their friends in Paris at the cost of a franc. 

With the advent of wireless, microphoto- 
graphy will never be used in this form 
again, but mankind is at last awakening to 
the fact that this long-forgotten method 
of copying documents may be of the utmost 
importance to civilization. 


Letters from Readers 


Water Divining 


My attention has been drawn to a state- 
ment, in the September number of Dis- 
covery, that Mr Budgett and I had made 
water-divining tests in a closed van, and 
that these tests had shown conclusively that 
Mr Budgett did not possess the power of 
detecting water. 

This statement was made without my 
authority, and although the tests provided 
no evidence in favour of the possibility of 
water divining, I do not regard them as 
conclusive, and I intend to continue them 
with the co-operation of Mr Budgett. 


Cambridge E. C. BULLARD 


White Helleborine in an 
unusual form 


The white helleborine (Cephalanthera pal- 
lens), commonly found in beech woods in 
the South of England, besides elsewhere in 
the country, is an upright plant normally 
about | ft. to | ft. 6 in. high with white 
flowers and green lanceolate leaves (see 
illustration). 

A colony of this species, visited each 
summer for several years, has shown a very 
curious form for the last three seasons. 
This is smaller than the normal form and is 
usually ““blind’’, but the great difference 
is that the whole plant is pure white, with- 
out any trace of green colouring matter in 
the leaves. 
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It is known that plants without chloro- 
phyll are generally dependent for their 
organic food upon the activities of other 
organisms as parasites or saprophytes. 
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White helleborine in its usual form 


Parasites derive their nutrient materials 
from the sap of a living host. Saprophytes 
depend on the activities of minute soil fung! 
which associate with plant roots in struc- 
tures known as mycorrhiza. 


The plants of the “white” form of 


helleborine were evidently lacking in 
chlorophyll and did not appear to be para- 
sitic; examination of their rootstocks 
seemed to show this. Among the colony of 
helleborine there grow two known sapro- 
phytes—the bird’s nest orchis (Neottia) 
and the yellow bird’s nest (Monotropa); and 
it may be concluded, therefore, that the soil 
was already rich in mycorrhiza. Can it be 
that the plant of the “white” form of 
helleborine was deriving its nutriment from 
the organic matter produced by the my- 
corrhiza fungus? And had it lost its chloro- 
phyll as something no longer necessary? 


Romsey, Hants. LANCE DAYL 
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The unusual all-white form 








466 LETTERS FROM READERS 


Lathraea clandestina 


WAS very interested in the letter, pub- 

lished in the October issue of Discovery, 
concerning the finding of Lathraea clan- 
destina in Sussex. Last May I was shown 
some “strange plants’’ growing on the 
banks of a small stream in a wood in West 
Devon. On examination, they proved to be 
Lathraea clandestina. 

As your October correspondent points 
out, the plant is a total parasite on the rocts 
of trees, to which it attaches itself by suckers. 
A very interesting feature is the method by 
which it eliminates surplus water. As it has 
no leaves, the plant cannot do this in the 
usual way by transpiration; but, instead, 
makes use of a peculiar subterranean 


mechanism for the excretion of the excess 
fluid. 

Lathraea clandestinaisa native of southern 
and western Europe. It is by no means suf- 
ficiently beautiful to be deliberately brought 
to this country by plant lovers, so that the 
manner in which it has travelled so far afield 
as Devon is by no means clear. Can it be 
that the seeds have been transported in soil 
clinging to the wheels of aeroplanes, and 
which falls off during flight? On the other 
hand, there is certainly the possibility that 


its seeds were introduced with the roots of 


imported young trees, and conveyed many 
miles by winter floods to the site where the 
plants were found. 


Peverell, Plymouth FRED. C. MARKS 


Reviews 


Learn about Astronomy 


HE very considerable interest which the 
T public of to-day exhibits in the natural 
sciences extends to the ancient science of 
astronomy, which is rich in new and 
important developments in spite of its very 
long history. This interest is reflected by the 
number of good books which appear from 
time to time from which the hitherto 
uninstructed member of the public can 
equip himself with some sort of detailed 
knowledge of the subject. The two volumes 
at present under review cater for two very 
different types of enquiry into the science, 
as the first is a systematic exposition of 
those remarkable facts and theories which 
have been produced by astronomers past 
and present, while the second is designed 
to help the uninstructed beginner to observe 
the heavens with modest equipment con- 
structed with his own hands. 
Although Dr Waterfield’s title restricts 
him to the developments of the last hundred 


years, this restriction does little to prevent 
his book* from being a complete account 
of astronomy as we now know it. Ancient 
astronomy is rather a specialized interest, 
and the sort of work which was really well 
in hand at the end of the eighteenth century 


—gravitational astronomy—while it is of 


very great interest, is probably fairly well 
known to the scientifically inclined reader, 
as well as can be managed with the 
mathematics at his command. Neverthe- 
less, the story of the discovery of Neptune, 
perhaps the culminating point of the 
subject, just falls within the last hundred 
years: so that a study of the astronomy of 
the last hundred years is practically one of 
the whole subject. Dr Waterfield’s book 
can accordingly be recommended to anyone 
who wishes to make a serious attack on 
providing himself with a thorough working 
knowledge of modern astronomy and the 
new science of astrophysics. The book is 

* A Hundred Years of Astronomy. By R. L. 
Waterfield. Duckworth. 21s. 
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fairly long—526 pages—and the going is 
not always easy, so that effort must be 
expended in mastering its contents. No 
knowledge of mathematics is assumed by 
Dr Waterfield, and the mathematical 
aspects of the subject are not treated; but 
the nature of the arguments compels some 
sort of acquaintance with modern physics, 
which the author does his best to supply. 
While it is outside the time, means or 
inclination of most readers of popular 
science to acquire a thorough training in 
mathematical theory or in_ laboratory 
methods, it is easy for all to acquire at first 
hand a little experience of observation: and 
no amateur of popular science should rest 
until he has made some move in this 
direction. The book* by Drs Barton and 
Joseph is essentially a practical one, and 
is designed to enable anyone to make his 
own observations of one kind and another 
with apparatus made by his own hands. It 
is indeed surprising how much can be done 
with very modest equipment. The book is 
addressed to “Instructors in_ schools, 
leaders in activity clubs, guides in scout 
groups, and counsellors in summer camps”, 
but it can be earnestly recommended to 
anyone who feels at all interested in science. 
There can be no question but that the 
first-hand acquaintance with observation 
which is afforded by one’s own efforts, 
however elementary, conveys an apprecia- 
tion of the true nature of science itself, and 
that popular science of this character 1s 
more scientific than “popular”. 
R. V. D. R. WOOLLEY 


A Biochemical Survey for the 
General Reader 


HE authors of this pioneer Survey? are 
both recognized research workers, and 
Mr Eggleton is particularly suited to write 
on “the stuff we're made of”. His name, 
together with that of Grace Eggleton, 1s 
* Starcraft. By W. H. Barton and J. M. Joseph. 
McGraw-Hill Publishing Co. 10s. 6d. 
+ The Stuff Were Made Of, by W. QO. Kermack 
and P. Eggleton. Arnold. 7s. 6d. 


connected with the discovery of the com- 
pound phosphagen in muscle, a biochemical 
event which was of decisive importance 
both for theory and research on the energy 
supply for muscular contraction. 

In 335 pages the writers give a succinct 
survey of biochemistry and some of its 
border sciences. The illustrations vary from 
photographs of an endocrine giant or an 
avitaminotic pig to diagrams showing 
little men (hydrogen and oxygen atoms) 
trying to cross a river by the use of stepping- 
stones, and hand-rails, symbolizing the 
function of enzymes and coenzymes. One 
chapter compares the sizes of molecules 
with the sizes of bacilli, fleas, rats, the 
Cheops pyramid, and even the milky way. 
A description of the principles of scientific 
method is given, and a demonstration of 
how the world consists of different elements 
which combine together in many different 
ways into molecules: most important from 
the biochemist’s point of view are the pro- 
tein molecules, and their structures and 
volumes are more fully dealt with. The 
living organism is then considered as a heat 
engine, with subsequent chapters on: 
*Nature’s Use for Overdraft’, ‘Things 
We Must Eat’, “The Vitamin Racket’, 
and *‘Nature’s Stepping-stones” (which 
means enzymes and coenzymes). Endo- 
crinology and our present knowledge of 
viruses and phages are then discussed. A 
final chapter, ** Retreat from the Vitalistic’”’, 
tries to show the inpredictability of the 
behaviour of soulless particles, thus dis- 
posing of vitalism but overthrowing at the 
same timeall purely mechanistic philosophy. 

No popular account of biochemistry as a 
whole has been written before. Easy under- 
standing and readability have been achieved, 
but not at the cost of exactness, though the 
desire to make things as easy as possible 
for the reader here and there leads to a 
style more familiar on posters of evening 
papers, and comparisons of organism with 
the motor-car are, for the same reason, 
rather abundant. But these are little matters 
beside the great merits that the book 
possesses. This is not the place to discuss 
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the authors’ opinion on the embryonic 
field theory, or the reason why yeast 
produces alcohol rather than lactic acid, 
and so on; though it is fair to add that 
some biochemists may differ in certain 
questions from some of the views expressed 
in the book. 

There is one need not quite filled by the 
book: more attention might be given to the 
facts known of dynamic biochemistry. 
The Metabolism of Living Tissues, by E. 
Holmes, which appeared last year, though 
written for students, suggests that some- 
thing similar on popular lines would be 
very attractive. Something along these 
lines is to be found in the present book in 
the chapter on ‘Stable and Unstable 
States”. H. LEHMANN 


A Scientific Encyclopaedia 
— it is impossible for one 


person to “review” such a book* as 

this, it is always possible for a worker ina 
given field to test it according to his know- 
ledge, and to make known the result. In 
general, this scientific encyclopaedia seems 
to be no worse than any other of its kind. 
But it can hardly be said to be very in- 
spiring. Thus the Witch of Agnesi and 
Witches’ Brooms both appear, but not 
Witches’ Milk, the secretion from the 
mammary glands of foetuses or newborn 
infants. Cartesian Co-ordinates and the 
Cartesian Oval are given, but not the 
Cartesian Diver, that classical philosophical 
toy of which the possible uses are by no 
means exhausted. Coprolites are spelt, in 
defiance of Greek, Coprelites, as if they 
were something to do with buffoons. 
Hormones are said to be always produced 
in glands. On what principle is Beri-Beri 
put in and Rickets left out? Why include 
Fat Body (of insects) and not Omentum’” 
Why should the section on Manometers 


* A Scientific Encyclopaedia, by D. van Nost- 
rand: edited by twenty-one American scientists. 
Chapman and Hall. £2. 10s. Od. 


be written entirely by an engineer, and leave 
altogether out of account the types used in 
biology? Why, when Organization and 
Organogeny are mentioned, omit mention 
of Organizer phenomena in embryonic 
development? Worse, there is no mention 
of Determination, one of biology’s most 
fundamental problems, though Differen- 
tiation and Growth both receive moderate 
attention. Criticism may also be directed 
to the omission of the words “see” or 
“cf.” in cross-references. Thus we find 
‘*Calomel. Mercury” which might mislead 
the innocent into supposing that the words 
were synonyms. 

On the whole the physical and engineer- 
ing articles appear to be better than the 
biological ones, except as regards such 
subjects as systematic ornithology. While 
it will certainly do nobody any harm to have 
this volume within easy reach, it is to be 
hoped that this is not the best that humanity 
can do in the way of a scientific encyclo- 
paedia. JN. 


The Will to Civilization 


7 O review can pay adequate tribute to 
N a work so vast in subject and in impli- 
cation as this. The claim that it is ** destined 
to affect very deeply the thoughts and actions 
of scores of hundreds of men ali over the 
world’, is hardly an exaggeration. Of 
Mr Katz's erudition, insight and com- 
petence to deal with the basic problems 
confronting man to-day and always, there 
can be no question. The book? cannot fail 
to interest even the ‘dilettante’; to make 
clearer channels of thought which he has 
not ventured to explore, and to open up 
new and imposing vistas. 

Mr Katz’s book is an enlightened survey 
of the panorama of world history with the 
purpose of discovering the essential prin- 
ciples of historic change. It does not 


+ The Will to Civilization, by John Katz. Secker 
and Warburg. 12s. 6d. 
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confine itself to any limited interpretation; 
Marxism and Metaphysics come into their 
proper perspective. The dialectic of essential 
principles, scientific, moral and religious, 
is traced, and universal isolates defined, 
with a view to clarifying the very grave 
issues before mankind to-day. 

Civilization is interpreted as the result of 
the action and reaction of two great forces, 
Creativity, the desire for progress and 
change, and Community, the desire for 
stability and security. On the successful 
synthesis of this mighty dialectic, the future 
of the world depends. Two problems con- 
fronted man, how to live with nature, and 
how to live with his fellow-men. The second, 
man has not yet solved. 

The last chapter, “Towards a New 
Ideology”’, is an amazingly lucid exposition 
of the problem confronting the modern 
world, in the light of the principles isolated 
in the preceding chapters. The issue is in 
doubt between the uncreative Standestaat 
and the creative Commonwealth. We are 
authorized to see in this the conflict between 
Fascism and Democracy. The cause, says 
Mr Katz, is a fundamental lack of balance 
between creativity and community; **Crea- 
tivity without community can never be an 
end in itself.”’ Buckle and Herbert Spencer 
were the ideologists of creative triumphant 
Capitalism. Their doctrine was rugged 
individualism, the exaggerated individual- 
ism of the twentieth century. Capitalism is 
a renunciation of community, and, says 
Mr Katz, **. .unless our ideologists are men 
of courage inspired by a vision of new and 
creative civilization that shall take the place 
of our tired capitalism, they are likely to 
succumb and to accept baptism into the 
Fascist creed.” 

The fear complex conditioning men’s 
minds to-day is only too apparent. It is 
evidenced in the prevalent defeatism and in 
the desperate search for absolute values as 
substitutes for God. “It is only when men 
are afraid of life that they have a desire to 
explain everything.” 

The remedy is clearly indicated in the 
section in the last chapter entitled, * The 


D. 


Dogma of the Inevitability of Human 
Failure”, and its causes delineated in the 
chapter “The Sociology of Defeat”. “As 
long as men believe that they must fail, they 
will fail. The universal commonwealth 
must be a consciously planned civilization. 
It can only succeed if men desire it.”’ 

One thing Mr Katz makes very clear: 
that without faith in himself, in nature, and 
above all in civilization, man must fail. 
England with its traditions of creativity is, 
in Mr Katz’s view, the ideal leader of the 
West. Here however the author pauses; 
he shows what will happen if England does 
not accept the challenge, and he appears to 
have confidence in England’s ability to 
fulfil this mission; but as to how England is 
to set her own house in order, so that she may 
set about building the highway to world 
civilization, this point Mr Katz does not 
develop further. Indeed the * Universal 
Commonwealth” towards which England 
must lead can, as he admits, only succeed, 
“if it is desired by all the peoples of the 
earth”. But how is England to satisfy 
everyone that she should be the leader? 

Mr Katz has a remarkable gift both of 
analysis and of synthesis; this and the luci- 
dity of his style combine to make “The 
Will to Civilization”’ eminently readable, 
and suitable as much for the student as for 
the lay reader. No one can fail to find its 
matter both vital and provocative. 


R. O. D.N. 


Animal Biology 


ERE is an excellent book.* In this, its 
H second edition, Professor Woodruff 
traces the broad principles of animal biology 
with an absolute minimum of that mass of 
detail which, fundamental though it is to the 
discovery and realization of general prin- 
ciples, tends nevertheless to obscure them 
by its own profusion. Those who in the past 
have been discouraged from the pursuit of 
zoology by the overwhelming collection of 


* Animal Biology, by L.L.Woodruff (Macmillan, 
New York, 1938). 
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names and structural details contained in 
the average text-book would take fresh 
courage were they to read Professor Wood- 
ruff’s bold yet rapid surveys of the inverte- 
brate phyla (chap. vil), and of the verte- 
brates (chap. 1x). Many professional bio- 
logists might wish to take the author to task 
on the grounds that this is a book of 
sketches, but while he has in truth sketched 
his subject, he has done so with a firm pen 
and included an extensive bibliography for 
those who wish to fill in the finer details. The 
book is illustrated with many well-chosen 
drawings and diagrams, and is furnished 
with a useful glossary. 

Professor Woodruff’s chapters on * Bio- 
logy and Human Welfare” (chap. xxiv) and 
‘The Human Background” (chap. xxv) de- 
serve special praise. In them he has dealt ad- 
mirably and convincingly with economic 
and clinical applications of biology on the 
one hand and with the problem of the de- 
scent of man—an unfailing source of more 
purely personal interest—on the other. It is 
difficult at times like these to escape the con- 
clusion that mankind’s worst enemy is man, 
but Professor Woodruff leaves us more con- 
vinced than ever that, could our warfare 
amongst ourselves be abandoned in favour 
of a common attack upon our biological 
oppressors, the history of the human race 
might be far happier in its future than it has 
been in its past. 

This book is one which ought to be read 
by professional biologists, but can at the 
same time be read with interest and enjoy- 
ment by the thoughtful layman. It is, more- 
over, not only a book to read but a book to 
POSssess. 

ERNEST BALDWIN 


Protection from Poison Gas 


TT! ESE two books* cover very much the 
same ground. Both discuss chemical 
warfare, and both are written by men who 
have had practical experience of it during 

* On Guard against Gas, by H. A. SIssON (Hutch- 


inson, 2s.: pp. 90). Breathe Freely! by JAMES KEN- 
DALL (Bell, 3s. 6d.:; pp. 180). 
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the Great War. Perhaps for this reason 
both authors have a tendency to over- 
estimate the importance of poison gas in 
air-raids on civilians; gas has so far not 
been used in the brutal air-raids carried 
out on Spanish and Chinese cities, and it is 
generally agreed that the greatest danger to 
the civilian lies in the high explosive bomb. 
But poison gas is very much on the public 
mind to-day (largely because the Govern- 
ment’s Air Raid Precaution scheme virtually 
neglects all other forms of aerial attack) 
and public ignorance of the properties of 
poison gases is immense. These books will 
help to reduce it, since they give good 
objective accounts of the properties of 
poison gases, and of the use of poison gas 
during the Great War. There is throughout, 
particularly in Professor Kendall’s book, 
a strain of facetiousness which I find irri- 
tating. 

I get the impression that the critical 
faculty of the authors is somewhat dulled 
in the passages dealing with the Govern- 
ment’s schemes for the protection of 
civilians. Both authors write about these in 
apologetic vein, though Professor Kendall 
completely destroys the effect which he has 
created by the following sentence (referring 
to the “gas-proof room”): “After the 
Government's air-raid precautions had 
been condemned as futile, the Government 
went out of its way to test its own recom- 
mendations by a series of the most severe 
experiments which could be made.” 

Major Sisson’s book has far less digres- 
sion in it, and sticks more closely to the 
subject of poison gas. There is bound to be 
an air of artificiality, however, about any 
book which deals almost solely with poison 
gas raids, rather than with air-raids in 
general. Professor Kendall does discuss 
other forms of aerial attack, although he 
does not consider that much can be done 
to protect the civilian from high explosive 
bombs. He concludes with the following 
remarkable passage: 

“Don't panic, you always have two 
chances. There may be another Great War, 
or there may not. If there is not, there is 
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“When the clouds watch also, shifting peaceably their place. 
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no need to panic. If there is, don’t panic, 
you still have two chances. We may be 
drawn into this next war, or we may not. 
If we are not, there is no need to panic. 
If we are, don’t panic, you still have two 
chances. Air-raids on civilians may be 
renewed, or they may not. If they are not, 
there is no need to panic. If they are, don’t 
panic, you still have two chances. There 
may be a raid on the city in which you live, 
or there may not. If there is not, there is no 
need to panic. If there is, don’t panic, you 
still have two chances. Bombs may drop 
near your house, or they may not. If they 
do not, there is no need to panic. If they 
do, don’t panic, you now have not two, but 
three, chances. The bombs may be poison 
gas, incendiary, or high explosive. If they 
are poison gas, there is no need to panic; 
a reasonably gas-proof room and a civilian 
respirator provide you with double pro- 
tection. If they are incendiary there is no 
need to panic even if one falls right through 
your roof; you can dispose of it calmly 
with your little bucket and spade. If they 
are high explosive and fall near enough, 
you will have no further opportunity for 
panic.... R. L. M. SYNGE 


Select List of Books Received 
by Discovery 


(Mention in this list does not 
preclude review) 
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AN AFRICAN SURVEY 


By LORD HAILEY 
21s. net 


“It is a classic, and ought to be translated into the language of every Power 
with African responsibilities.” SIR EDWARD GRIGG In The Observer 


EAST AFRICA AND ITS 
INVADERS 


From the Earliest Times to the Death of 
Seyyid Said in 1856 
By R. COUPLAND 
30s. net 


This book is the first, in chronological sequence, of a series of four volumes on 
East African history on which Professor Coupland has been engaged for several 
years. “Kirk on the Zambesi” was published in 1928 


FRANCO-BRITISH RIVALRY IN THE 
POST-WAR NEAR EAST 


By H. H. CUMMING 
8s. 6d. net 


**... This compact little book, written in the best tradition of American scholar- 
ship, is of special value to British readers because it is concerned with a period of 
stress and disagreement in Anglo-French relations on which British thought 1s 
reluctant to dwell....” Times Literary Supplement 


THE POLICE IDEA 


By CHARLES REITH 
8s. 6d. net 


‘*...Mr Reith’s book is not only a fascinating story in itself, but it is a warning of 
the results of national and international anarchy, and a reminder of the ineptitude 
with which all reformers have to cope....” 


HAROLD NICOLSON In The Daily Telegraph 


OXFORD UNIVERSITY PRESS 
































il DISCOVERY 


Suggestions for Christmas Book Gifts 
Biography 


IRISH MITCHELL 
by Seamus MacCall 


A man who sacrificed his liberty to save a nation—and was stoned by 
some of those he would have saved, a man who defended Catholics 
from persecution yet was cursed from Catholic altars, John Mitchel 
is a magnificent subject for a biography. Convict in Tasmania, hero 
of the American Irish, State guest of France, he is portrayed in these 








pages with all the dynamic force which he himself possessed. 


Sean O’Faolain’s 


brilliant life of Daniel O’Connell 
KING OF THE BEGGARS 


‘*He has succeeded on every page of his perceptive, 
witty and distinguished book.’”—Punch. “As the 
dual biography of the man and the people, drawing 
their whole life from one another, it is endlessly 
exciting.’ —Times. Illustrated. 12/6 net 


A. & H. Tayler’s 
1745 AND AFTER 


An authentic account of Prince Charles Edward’s 
campaign by one of the men who landed with him at 
Loch-nam-Uamh. “‘As exciting as a work of fiction.” 

— Manchester Guardian. Illustrated. 12/6 net 


12/6 net 


Mrs George Black’s 
memories of the Klondike 


MY SEVENTY YEARS 


Mrs Black, wife of a former Speaker in the Canadian 
House of Commons, Starts life anew at seventy, as 
M.P. for the Yukon. ‘‘An extremely racy and enter- 
taining autobiography.” —Daily Mail. 8 6 net 


Jonathan Curling’s 


JANUS WEATHERCOCK 


The life of T. G. Wainewright—poisoner, artist, 
forger, auther. “‘An admirably written, excellently 
printed work...surely the final placing of Waine- 
wright.’’—SIR Hucu WALPOLE. 

Illustrated. 12 6 net 


Book Society Recommendation 


Fiction 





TRENT INTERVENES 
by E. C. Bentley 


‘Mr Bentley is so lavish with his plots that half those in this book 
would have served any lesser writer for full-length novels... -Mr 
Bentley remains secure on the topmost branch of the tree. *__Fohn 0° 


London. 


Nora Ratcliff’s 
SPITEWINTER 


“A briskly told story with 
authentic atmosphere.” 
—Manchester Evening News. 


hill-life in which the tale is 
set.”’— Scotsman. 7,6 net 


able story.” — 





William Fryer Harvey’s 


MR MURRAY AND 
THE BOOCOCKS 


‘For sheer entertainment my book of the 
week. All-embracing, ingenious, humor- 
‘““A fine picture of the wild — ous.’”"—Star. “‘A lovable as well as a laugh- 
Manchester Evening News. 


NELSON 


7/6 net 


Woosnam Mill’s 


DARK 
ENCOUNTER 


A fast-moving and exciting 
thriller by the author of 
‘“‘Grim Chancery ’”’, that fully 
justifies the slogan ** Mill’s 


7 6net for Thrills’’. 7,6 net 
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="|1 Kept hot!” 


You can’t come home at eleven o’clock and switch on your wireless to 
hear the talk broadcast at eight. But wouldn’t it be convenient if your 











set could, as it were, ‘‘keep it hot’’ for you. Impossible, of course, 
but you can have the actual words that were spoken, because the pick 
of the talks are published in ‘‘The Listener’’. 


For those that captured your interest and made you want a copy 
of the script, for those you would liked to have heard, for all the variety 
of radio’s news and views, you will find *‘ The Listener ”’ the best three- 
am Mill’s pennyworth that ever enriched your leisure moments. 
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FROM NEWSAGENTS, BOOKSTALLS AND BOOKSELLERS EVERYWHERE 
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Three additions to the History of 
Science Library 


A History of Science, 
Technology and 
Philosophy in the 
XVIII Century 


by A. WOLF 


Professor Wolf’s previous book, anaccount 
of the progress made by the sciences during 
the sixteenth and seventeenth centuries, 
has won the admiration of leading authori- 
ties. This new book presents a similarly 
full, and profusely illustrated account of 
the great strides made in the field of intel- 
lectual enterprise during the ‘“‘Age of 
Enlightenment’. 25s. net 


The Chemical Studies 
of P. J. Macquer 


by L.J.M. COLEBY 


This book is not only an account of 
Macquer’s life and work, but also of the 
state of chemistry in France in the middle 
of the eighteenth century. Macquer, born 
in Paris in 1718, is well known for his re- 
searches on Prussian blue and on arsenic. 
He was the author of the first Dictionary 
of Chemistry,awork which was immediately 
successful. 6s. net 


Copernicus: 
The Founder of 


Modern Astronomy 
by ANGUS ARMITAGE 


This book sketches the career of the 
greatest of sixteenth-century astronomers 
against the stormy political background of 
his time,and explains in detail the contents 
of his historic book, from which we have 
derived our modern conception of the 
solar system. 10s. net 


George Allen & Unwin Ltd 

















The 
LIBRARY 


ATLAS 


of Physical, Political and 
Economic Geography 


Edited by GEORGE PHILIP 
and H. C. DARBY 


Lecturer in Geography in the University of Cambridge 

















The Atlas for 

















the serious reader 














The most comprehensive atlas of its 
kind yet published. In addition to 
maps dealing with geology, structure, 
relief, soils, volcanoes, earthquakes, 
oceanography, climatic distributions 
(temperature, rainfall, pressure and 
winds), natural vegetation and human 
factors, there are 20 pages of speci- 
ally prepared supplementary eco- 
nomic maps and diagrams dealing 
with Trade and the production and 
distribution of the commodities of 
commerce. There is an unusual num- 
ber of orographically-coloured regional 
maps, which are drawn on comparative 
scales on equal-area projections, special 
attention having been given to the 
selection of suitable areas for study as 
a whole. In this respect the new Atlas 
supplies a need which has _ hitherto 
been insufficiently met by students’ 
atlases. 


Consisting of 116 plates of coloured 
maps, 16 pages of introduction, climate 
graphs and notes on projection, etc., 
and Index. Size 11 by 15 inches. 
Bound in cloth boards. 

2ls. 


NET 


GEORGE PHILIP & SON LTD. 
32 FLEET STREET, LONDON, E.C.4 
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KODAK substandard CINE FILMS 


The 41 listed descriptions which cover all requirements of 
16 mm. and 8 mm. amateur cinematography. Note par- 
ticularly the new SUPER-XX, the fastest film of its kind. 


*These prices include processing by Kodak Ltd.and return postage. 































































































REVERSAL BLACK-AND-WHITE | | GRAINLESS COLOUR 
AMERAS LENGTH ee | ic | ; 
| Panchromatic Panchromatic pena | Regular = = = TypeA 
(24>) | (Daylight) (tungsten) 
(32 2) | (27°) (22°) | : 
: ——}|—__— —_ _@2) | —s_#) 
| 
DAYLIGHT LOADING ROLL 50 ft. | 17/6* | L7/e* | 14/-* | 22/6* | 22/6* 
All normal 16 mm. eet MIRE ee | 
ciné-cameras 100 ft. | 32/6* | 32/6* =| 26/-* 42/- | 42/—* 
Ciné- Kodak” | | ae — 
Special 200 ft. | — 65 52, oe _— 
MAGAZINES | | | ee Sica: UE 
Magazine Ciné-‘ Kodak’ SOft. | = 19/6 =| 19/6" | 16/- 24/6" 24/6 
CASSETTES . «i | | ae . . 7 , 
Siemens Halske —_ | 19/6 | 16/-* | 24/6* 24/6 
Simplex Pockette 50 ft. — | 19/6 | 16/-* | 24/6* 24/6* 
| 
Filmo 121 -_ | 19/6* |  16/—* 24/6* | 24/6* 
RSS ae a) 
Kinamo § 10 10 metres | aa 12/6* 10/6* ) — — 
16 mm. SOUND RECORDING (Perforated one side only-daylight loading) 
Reversal black-and-white. 100 ft. roll - - 26/-* 
‘Kodachrome’ Regular 100 ft. roll - - 42/-* 
‘Kodachrome’ Type A 100 ft. roll - - 42/-* 








16 mm. NEGATIVE-POSITIVE 
Eastman (daylight loading) pemeeen-"*% Kodak Super Sensitive Panchromatic 


Negative—100 ft. roll - - 20/- | Negative (Safety)—100 ft. roll - 30/- 
Do., for Sound Recording, potountes one | Kodak Positive, apical eae 7 
side only—100 ft. roll - - 20/— | 100 ft. roll : 9/- 


These prices naturally do not include processing, which Kodak Ltd. do not undertake. 





CINE-KODAK 8 mm. SAFETY FILM. 
Panchromatic (black - and - white, | ‘ Kodachrome’ Regular— 





daylight loading, reversal) 25 ft. roll - 17/-* 
25 ft. roll (making 50 ft. of 8mm. | . : 
after processing, equivalent inrun- | ‘Kodachrome’ Type A— 
ning time to 100ft. of 16mm.) 10/-* 25 ft. roll - - 17/-* 








Germany (Berlin, Vienna), Italy (Milan), China (Shanghai,Hongkong), Japan (Tokio, 

FOOTNOTE FOR THE FOOTLOOSE Switzerland (Lausanne), Czechoslovakia ‘gees Malay States Sen ag ee Dutch 
8 CE ’ ' . _ (Prague), Portugal (Lisbon), Norway _ E. Indies (Batavia), Australia (Melbourne), 

There —_ Cine- Kodak Reversal Film pro (Osio), Sweden (Gothenburg), Poland N. Zealand (Wellington), Philippines 
cessing stations in these 35 countries and (Warsaw), U.S.A. (Chicago, Jacksonville, (Manila), Hawaii (Honolulu), Argentina 


48 cities (italics indicate stations equipped Kansas City, Los Angeles, Rochester, N.Y., (Buenos Aires), Brazil (Rio de Janeiro), 
to process Kodachrome colour film):— San Francisco, Washington), C anada_ Chile (Santiago), Colombia (Cali), Peru 
(Toronto, Vancouver), gypt (Cairo), (Lima), Uruguay (Montevideo), Panama 


England (London), France (Paris, Nice), Kenya (Nairobi), S. Africa (Cape Town, (Panama City), Mexico (Mexico City), 
Belgium (Brussels), Holland (The Hague), Johannesburg), India (Ca!cutta, Bombay), Cuba (Havana). 





For any information on Ciné-‘ Kodak’ apparatus and film consult your Ciné-* Kodak’ Dealer, or write to Mr. D. S, Taylor, Dept. 57, 
Kodak House, Kingsway, London, W.C.2. 
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NG KONG NATURALIST 

— _ . HERKLOTS, Ph.D., M.Sc., F.L.S. 
A quarterly journal containing 
articles on the Natural History, 
History and Archeology of Hong 

Kong and South China 
Annual Subscription: 12s. 6d. 
Post Free 

Each number, already issued, has in- 
cluded atleast one coloured plate besides 
numerous half-tone and line illustrations 

THE UNIVERSITY, HONG KONG, CHINA 














CHINA! 


...is the Country now in the limelight. 





Become a subscriber and you will 
obtain an authentic record of 
China’s Art, Culture and present- 
day events. 


Annual Subscription £1. 5s. Od. Postage included 














THE CHINA JOURNAL 


“THE LEADING MONTHLY MAGAZINE OF THE ORIENT’’ 




















| 117 Hongkong Road : SHANGHAI, CHINA | 











Have you discovered the 


Lecture Recorder? 
FOREMOST ENGLISH AND 
AMERICAN LECTURES 
and excerpts on all subjects each month 


Yearly subscription 6s. Single copy 6d. 
Postage 1d., inland and abroad 


Specimen copy free on request to 


16 Marsham St., London, S.W.1 


TELEPHONE: Abbey 6613 





Published every Friday 


EDUCATION 


The Official Organ of the 
ASSOCIATION OF EDUCATION COMMITTEES 





A weekly newspaper for Education 

Officers, Teachers and others in- 

terested in educational affairs. 
School Building Supplement 


included once a month. 


Price 3d. per copy 


Annual Subscription 


17/- 
post free 
(Abroad 18/- post free) 


Write for Free Specimen Copy 


COUNCILS & EDUCATION PRESS, 
LIMITED 
10 QUEEN ANNE STREET, LONDON, W.1 























_ MEMBERSHIP OF THE 
MUSEUMS 
ASSOCIATION 


is open to all persons engaged or 
interested in the work of museums 
Annual Subscription £1. 1s. 


Full particulars and a specimen copy of 
The Museums Journal, free on application 


THE MUSEUMS ASSOCIATION | 








Chaucer House, Malet Place, London, W.C.1 | 


BRITISH 
MANAGEMENT REVIEW 


Vol. Ill, No. 2. April to June, 5s. net 





Administration and the Individual 
Frank Pick 
Administration and Society 
L. Urwick 
Administration and Capital 
Dr W. H. Coates 
Administration and the State 
Sir Henry Bunbury 
W. Ritchie 
Management Control of Industrial 
Relations in Canada Today and 
Tomorrow 


Office Management 


Clarence Fraser 





British Management Review is published by Man- 
agement Journals Ltd. at Terminal House, 52 
Grosvenor Gardens, S.W.1. Single copies 5s. 
quarterly, annual subscription 15s. post free. 
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BOOK %¢€ 
TOKENS 


“Remove the one great draw- 










back to giving books as 
presents”’ says J. B. PRIESTLEY 


ALDOUS 
HUXLEY: 


“People who 
just ‘want a nice 
novel’ may find Book 
Tokens superfluous. 
But for anyone who 

needs and reads books 

for a particular purpose, 

for anyone who has a stu- 
dious friend to whom he 
would like to make a present, 
they are an indispensable 


SIR NORMAN ANGELL: 
‘The great virtue of the 
Book Token is that it 
makes _ present-giving 
relatively painless by 
throwing the burden 
of choice upon the 
givee — a really 

great idea.” 


convenience.” 





A BOOK TOKEN is a decorative 
credit note on the nearest bookseller. 
Obtainable (and exchangeable) at most 
bookshops, from 3s. 6d., plus 3d. for the 
attractive Greeting Card. 
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Publishers: DAVID NUTT, London. G. E. STECHERT & Co., New York. NICOLA ZANICHELLI, Bologna. 
FELIX ALCAN, Paris. AKADEMISCHE VERLAGSGESELLSCHAFT m. b. H., Leipzig. 
RUIZ HERMANOS, Madrid. F. KILIAN’S NACHFOLGER, Budapest. 
F. ROUGE & Cie, Lausanne. F. MACHADO & Cia, Porto. THE MARUZEN COMPANY, Tokyo. 











1938 32nd Year INTERNATIONAL REVIEW OF SCIENTIFIC SYNTHESIS 
Published every month (each number containing 100 to 120 pages) 


4 395 Epitors: F. BOTTAZZI. G. BRUNI. F. ENRIQUES 
SCIENTIA GENERAL SECRETARY: Paolo Bonetti 
IS THE ONLY REVIEW the contributors to which are really international. 


IS THE ONLY REVIEW that has a really world-wide circulation. 


IS THE ONLY REVIEW of synthesis and unification of science, that deals in its articles with 
the newest and most fundamental problems of all branches of knowledge: scientific philosophy, 
history of science, scientific teaching and advancement, mathematics, astronomy, geology, physics, 
chemistry, biological sciences, physiology, psychology, sociology, law, economics, history of religions, 
anthropology, linguistics; articles sometimes constituting real and proper enquiries, such as those 
on the contribution given by the different nations to the advancement of science; on determinism; 
on the most fundamental physical and chemical questions, and particularly on relativity, on the 
physics of the atom and of radiations; on vitalism. ‘‘Scientia”’ thus studies all the main problems 
interesting the intellectual circles of the whole world, and represents at the same time the first suc- 
cessful realization of an international organization of the philosophical and scientific movement. 


IS THE ONLY REVIEW that among its contributors can boast of the most illustrious men of 
science in the whole world. 


The articles are published in the language of their authors, and every number has a supplement 
containing the French translation of all the articles that are not French. The review is 
thus completely accessible to those who know only French. (Write for a free copy to the 
General Secretary of “‘Scientia”’, Milan, sending a sixpence in one stamp of ycur country, merely to 
cover packing and postage.) 








SUBSCRIPTION: 45s. Substantial reductions are granted to those who take up more than one year’s 
subscription. For information apply to **SCIENTIA,” Via A. De Togni, 12, MILANO (ITALY) 
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17th Edition now ready 





Carnegie Institution 
of Washington 


1s a research organization working in many 


THE 
COUNTRY-SIDE DIARY 


fields. Its monographic publications are for 1939 
placed in the principal libraries of the world. 

Copies can be purchased at nominal cost. A Vest-pocket Guide to Nature 
These publications comprise studies in for Every Week in the Year 
the following field: Edited by RICHARD MORSE, F.L.S. 
ANTHROPOLOGY HISTORY Foreword by CHERRY KEARTON 

ARCHAOLOGY LITERATURE 

AS TRONOMY MATHEMATICS Weighs less than four ounces, but 
BIOLOGY NUTRITION = ; 
BOTANY PALMOGRAPHY contains 80,000 words of seasonal 
CHEMISTRY PALZONTOLOGY notes by some of the most famous 
vemeteated ananpitoabarel living writers on natural history 
ECONOMICS PHYSICS i eect ——— 
EMBRYOLOGY TERRESTRIAL 

GENETICS MAGNETISM Cloth, 2/6 Leather, 4/6 
GEOLOGY ZOOLOGY Post free to any address 





DESCRIPTIVE LISTS AND PRICES MAY BE mn the world 
OBTAINED BY ADDRESSING 





Carnegie Institution of Washington Hon. Secretary, 8 Glamorgan Road, 
Washington, D.C., U.S.A. Hampton Wick, Middlesex 
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A Hundred Years 


of Astronomy 


By Dr R. L. WATERFIELD, Coun- 
cillor of the Royal Astronomical Society. 
**’Taken all in all, the book can only be 
described as masterly. A vast amount of 
research has gone to the writing of it 
and it is characterised throughout by a 
high standard of accuracy.’’ Manchester 
Guardian. 526 pages. 21/- net 


A Hundred Years 


of Music 


By GERALD ABRAHAM. “The 
only book I know which deals with the 
whole period, 1830 till to-day, both im- 
partially and sympathetically. His final 
estimates seem to me remarkably sound 
and unbiased. The section on contem- 
porary music is compact and clear- 
headed.’’ CONSTANT LAMBERT (Radio 
Times). 375 pages. 15/- net 


DUCKWORTH 
3 HENRIETTA ST., LONDON, W.C.2 
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Mopnincs MOUTH 


The tooth paste of the wise, used last thing 
at night, means clean refreshment in the 
morning. But a mouth thus cleansed and 
sweetened is only part of the good work. 

Euthymol makes the teeth beautifully 
clean, and is perfectly free from injurious 
grittiness. It is beneficent to the enamel, 
and is recommended by doctors and den- 
tists. Price Is. 3d. per tube. From all 
chemists, or send for a 7-day free trial tube 
to Dept. 20/83, Euthymol, 50 Beak Street, 
London, W. TI. 


Futhymol 















Press Limited 





The Scientists Explain 





What are the scientists doing? The 
question is asked urgently by every 
intelligent citizen. What bearing have 
their discoveries on our lives? A dis- 
tinguished physicist and a distinguished 
biologist answer the question each for 
their own science. 


PHYSICAL SCIENCE 
IN MODERN LIFE 


By Dr E. G. RICHARDSON of King’s 
College, Newcastle. 


Illustrated with photographs and diagrams. 
8s. 6d. net 


‘SA lucid and accurate account....It deals with 
streams and eddies, waves of many kinds, 
colloids, heat, light and electricity, the mechan- 
ism of hearing and seeing, the movements of 
birds and fishes, and the exploration of the 
stratosphere. The author writes well and it is 
a pleasure to read this book.”’ 

The Daily Telegraph. 


ASCARIS: THE 
BIOLOGIST’S 
STORY OF LIFE 


By Dr RICHARD GOLDSCHMIDT 
of The University of California. 


With numerous illustrations. 10s. 6d. net 


The parasite Ascaris acts as guide to all the 
wonders of the living world. The unfolding of 
his story will take you all over the world, on 
land and water. You will look into the depth 
of the deep sea, into the caves below the moun- 
tain, into lakes and rivers, into the living things 
above and in the ground, and into your own 
body. 
Ready November 7 


The English A Arie Paul’s House 
University Warwick Square 


London, E.C.4 


























COLLEL TINS APPARATUS 


Specimen Tubes. 
Pond Sticks. 
Butterfly Nets. 
Store Boxes, &c. 





Pocket Lenses in various styles 
See Catalogue ‘‘C’’ post free 
FLATTERS & GARNETT, LTD. 


SCIENTIFIC INSTRUMENT MAKERS 


309 Oxford Road, Manchester, 13 
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FOYLES 














BOOKSELLERS TO THE WORLD 


25 SPECIAL DEPARTMENTS 
TO HELP YOU TO CHOOSEFYOUR 


CHRISTMAS BOOKS 


Books on every subject 
We can supply any book 
you need 


119-125 CHARING CROSS RD., LONDON, W.C. 2 


Telephone: GERRARD 5660 (14 lines) 











Write to 


HEFFER’S 
BOOKSHOP 


Heffer’s will advise you in the selection of 
books, help you to find out-of-print books, 
and will welcome inquiries of all kinds. 
Catalogues of new books, second-hand 
books in all fields of literature, and of books 


in new condition offered at reduced 
(4 prices are sent free on request. 
W. HEFFER & SONS, LTD. 


WEFFER CAMBRIDGE ENGLAND 














By 
F. FRASER DARLING 


BIRD FLOCKS 


and the breeding cycle 
6s. net. See also page iti of cover. 


CAMBRIDGE 
UNIVERSITY PRE'SS 

















THE 


CAMBRIDGE 
REGION 


Edited by H. C. DARBY 


58 maps and diagrams. 6s. net 


To this scientific survey of the district 

around Cambridge 34 authors have con- 

tributed and among its contents are 

chapters on the soils, climate, botany, 

zoology, archaeology, agriculture, on the 

history of the district and the problem 
of the fens. 


CAMBRIDGE 
UNIVERSITY PRESS 











AV E RY for 
DARK BLINDS 


SS As supplied to 
over 600 Hospi- 
=| tals and Scien- 
tificInstitutions 
(including Cam- 
bridge and Ox- 
ford Universi- 
tiesandKodak’s 
new Research 
Laboratories, 
Wealdstone). 
= jeg fj} Ready for fix- 
EE Pq E=| ing by any han- 
=— = dy man. 
These blinds 
a can be fitted 
ae | with a special 
_ ee ventilation 
iMustration shows Type A” (framed head. 


round and made to work up and (Patent applied for) 
down in grooves). 


J. AVERY & COMPANY 


BLIND MAKERS IN GENERAL 
81 GT PORTLAND ST, LONDON,W.1 


"PHONE: LANGHAM 2433 "GRAMS: LANGHAM 2433 
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CLASSIFIED ANNOUNCEMENTS 


are accepted at 2d. per word (minimum 24 words). Discount allowed for series, 
particulars on application. Instructions should be sent (with cash) to the 
Advertisement Manager, Discovery, 61 Chandos Street, London, W.C. 2. 





EDUCATIONAL 


ENTRAL UNIVERSITY (Estab. 1896), Irving- 

ton, Indianapolis, Indiana, U.S.A., offers by 
correspondence, undergraduate and _ graduate 
courses in Arts, Religion, Sociology, etc., leading 
to degrees; individual instruction; reasonable fees; 
catalogue on request. 





ESWICK SCHOOL, Derwentwater. Progres- 

sive education stressing Art, Music, Handi- 
craft. Boys and girls, 8-19. Laboratories, etc., 
rebuilding. Frequent open scholarships. Fees £82 
(or less). 





HE CALDER GIRLS’ SCHOOL, Seascale, 

Cumberland, provides under the healthiest 
conditions a thorough education on public school 
lines. Also Junior School for Girls from 8 years of 
age. 





RANKSOME-HILDERS, Haslemere, Surrey. 

Boys’ Preparatory School. Health, happiness 

and efficiency in perfect surroundings. 24 acres. 

Recognized by Board of Education. Prospectus T 
on request. 





R WILLIAMS’ SCHOOL FOR GIRLS, 
Dolgelley, North Wales. Prospectus from 
Miss E, C. Nightingale, M.A. 











ICKFORD’S EDUCATIONAL SERVICE, 

advice given free of charge concerning schools, 
families of culture, both in England and on the 
Continent. Under the personal management of 
Miss Nancy Barrows, M.A. (Oxon). Write or call, 
206 High Holborn, W.C. 1. 





RANSLATIONS of scientific and technical 

subjects from French, German, Spanish, 
Portuguese, Russian. Highest references. Vincent 
Walters, 20 Clarence Park South, Weston-super- 
Mare. 





SCIENTIFIC SUPPLIES 


ECOND-HAND MICROSCOPES. A large 

selection of instruments for all purposes. 
Superior quality, faultless condition and perform- 
ance. Best English and German makes. Also 
Objectives, Eye-Pieces, etc., 2d. Stamp for List K. 
Chards (Regd.), Forest Hill, London, S.E. 23. 
(Estab. over 60 years.) (Phone: Forest Hill 5946.) 





PEECHES WRITTEN for all occasions, De- 

bates, Literary Subjects. Talks to Guilds or 
Fellowships, price 5s.: send stamp for particulars. 
Lacey, 4 Wilton Crescent, Wimbledon, S.W. 19. 





ROGS, Axolotls, Reptiles, Guinea Pigs, Rats, 

Mice, Rabbits, Day-old Chicks, Crayfish, 
Proteus, and other requirements for Biological 
Research and Scientific purposes. Can be supplied 
at short notice in large or small quantities. Write 
for illustrated list: Waterloo Goldfishery Co., 47 
Gt. Guildford Street, London, S.E. 1. 





PERSONAL 


MOKE TOM LONG, and like the Kangaroo 
Keep in a pouch your best possessions too! 
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MISCELLANEOUS 


USTRALIA’S LOVELY OPALS. 

Large stock, all varieties. Also Aus- 
tralian Minerals, Cerussite, Meteorites, 
Tantalite, Aragonite, etc. Collectors’ 
specimens. List 37 Free. Norman D. 
Seward, ‘‘ Optical House’’, Melbourne, 
Australia. 








ISCOVERY, 1920, 1922, 1925, 1928, 1929, 

1931, 1932, 1933, 1934, complete. 1921, 1923. 
1924, 1926, 1927, 1930, 1935, nearly complete, 
Wright, York House, Normanton, Yorkshire. 





UBLISHERS extending general book catalogue 
interested in good fiction, biography, plays 
and other literary property. Known or unknown 
authors post MSS. first instance to Publisher, c/o 





IET CURES. Come to Lady Margaret's 
(Fruitarian), Doddington, Kent. 





MUSIC 
‘‘The Art of Record Buying”’ 


Few gramophone users have time to compare all 
available versions of the particular works they wish 
to add to their collection. To help them make their 
choice we issue a booklet, ““The Art of Record 
Buying,’ which gives the best recording of over 
1000 classical works. Send 2d. in stamps for a free 
copy. E.M.G. Hand-made Gramophones Limited, 
11 Grape Street, London, W.C.2. Tem. 7166-7. 


Advertising, 5 Princes Street, Hanover Square, W. 1. 

















A Subscription for 
DISCOVERY 


makes an ideal 


CHRISTMAS GIFT 




















DISCOVERY 
SUBSCRIPTION ORDER FORM 


12s. 6d. 


commencing with the January issue, to the address below: 


I enclose Please send the next twelve numbers, 


( Name) 
(Address) 


(Signature ) 


(Address ). 


The Manager of DISCOVERY, CAMBRIDGE UNIVERSITY PRESS, 
BENTLEY HOUSE, EUSTON ROAD, LONDON, N.W.1 
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F. FRASER DARLING 


is well known to readers of 


DISCOVERY 
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90 photographs 10s. 6d. net 
His new book 
umbers, 


low: Wild Country 


is a collection of photographs of creatures of Island, Mountain, 
Sea and Moor—seals, birds in flight, waves, rocks, flowers, and 
even fairies. His work has given some very unusual opportunities 
which his skill with the camera has caught for the general reader 
and his wide experience as a biologist enables him to make 
illuminating comments on his pictures. 


Previously published: 


BIRD FLOCKS AND THE BREEDING CYCLE 
By F. FRASER DARLING. 6s. net 


LESS, CAMBRIDGE UNIVERSITY PRESS 
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ILFORD 
“O” PLATES 


HESE are special Laboratory products designed 

and manufactured for scientific work in the far 

ultra violet. In these plates the silver halide grains 
actually project from the surface of the emulsion, by 
which device the absorption of ultra violet by the 
gelatin layer is reduced to a minimum. The ‘Q’ Plates 
are more robust than those of the Schumann type and, 
compared with typical oiled plates which are commonly 
used tor this work, they show in many cases a very 
considerable increase in speed. The difference between 
the two types is least in the neighbourhood of 400 A 
where the absorption of gelatin is at a maximum. Af 
this point a layer as thin as 10° cm. is sufficient to 
cause some absorption. The ‘Q’ emulsions are by far 
the most satisfactory yet devised for work in the 
extreme ultra-violet as far down as 120 A.U. They 
also are the best material for recording atomic bom- 
bardments, e.g. in isotope research. 
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